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FOREWORD

This report, Sate of the Sreams: 1995-1997 Maryland Biological Stream Survey Results, supports the Maryland Department
of Natural Resources Maryland Biological Stream Survey (MBSS) under the direction of Dr. Ronald Klauda and Mr. Paul
Kazyak of theMonitoringand Non-Tidal Assessment Division. Thisreport wasprepared under Maryland'sPower Plant Research
Program(Contract No. PR-96-055-001to Versar, Inc.). Development of the statewi de estimates of stream conditionin thisreport
was supported by the U.S. Environmenta Protection Agency, Office of Research and Development, Regional Environmental
Monitoring and Assessment Program (R-EMAP), through funds provided to Maryland DNR (Contract number Ca-98-11, 07-4-
30528-3734, University of Maryland subcontract to Versar, Inc.). A mgor goal of the MBSS s to assess the impacts of acidic
deposition on Maryland' s headwater streams and their biological resources. The MBSSis aso designed to characterize and
assess hiological, physical habitat, and water quality conditions of streams throughout the entire state, based on a three-year
implementation schedule (1995-1997). Thisreport presents statewide results from the 1995-1997 MBSS sampling years. This
report includes a characterization of stream conditions, assessments based on ecological indicators, and analyses of the associ-
ations between human impacts and stream ecological conditions.
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EXECUTIVE SUMMARY

This report summarizes results from the 1995-1997
sampling of theMaryland Biological Stream Survey (MBSS
or the Survey) and providesthefirst statewideresultsonthe
assessment of the condition of Maryland's non-tidal
streams. Supported and led by the Maryland Department of
Natural Resources (DNR), the MBSS is a comprehensive
program to assess the status of biological resources in
Maryland's non-tidal streams; quantify the extent to which
acidic deposition has affected or may be affecting critical
biological resourcesin the state; examinewhich other water
chemistry, physical habitat, and land use factors are
important in explaining the current status of biological
resources in streams; establish a benchmark for long-term
monitoring of trends in these resources; and target future
local-scal e assessments and mitigation measures needed to
restore degraded biological resources. To meet these and
other objectives, the Survey has established a list of
guestions of interest to environmental decision makers to
guide its design, implementation, and analysis. These
guestions fall into three categories. (1) characterizing
biological resources and ecological conditions (such asthe
number of fishinawatershed or the number of streammiles
with pH < 5), (2) assessing the condition of these resources
(as deviation from minimally impacted expectations), and
(3) identifying likely sources of degradation (by delineating
relationships between biological conditions and anthro-
pogenic stresses).

To answer these questions, a number of steps were
undertaken to implement the Survey, including (1) devising
a sampling design to monitor first- through third-order
nontidal streams throughout the state and allow areawide
estimates of the extent of the biological resources, (2) field
testing sampling protocols and logistical arrangements to
assure data quality and precision, (3) conducting an
extensive, multi-year field sampling program, (4)
developing indicators of biological condition (or integrity)
so that degradation can be evaluated as a deviation from
reference (or minimally impaired) expectations, and (5)
using avariety of analytica methods to evaluate the contri-
butions of different anthropogenic stresses, including land
use. Completion of the 1993 MBSS Pilot Study and the
1994 MBSS Demonstration Project successfully addressed
the design and sampling issues and provided preliminary
results. In 1995, the first year of the three-year
implementation of the Survey, research efforts focused on
the development of biological indicators and better fish
popul ation estimation techniques. In 1996, the second year
of implementation, these advanceswereapplied to new data
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and enhanced analyses were conducted, including
incorporation of more precise land use data. The final
three-year report builds upon the previous years of the
Survey. In addition to utilizing a refined fish Index of
Biotic Integrity (IBI), this report presents the results of a
newly developed benthic 1Bl and a Physical Habitat Index
(PHI). Thesethreeindices are the basis for estimating the
number of stream milesin varying degrees of degradation
(good to very poor condition) and mapping the locations of
sites by their condition.

Three characteristics of the Survey differentiate it from
previous stream monitoring efforts in Maryland. First,
sampling in the Survey is probability-based, allowing
accurate and robust population estimates of variables such
as abundances of particular species of fish and the number
of stream miles with degraded habitat. The probability-
based sampling design also permits estimation of sampling
variance, so that estimates of status can be made with
guantifiable confidence. Second, MBSS monitoring and
assessments focus on biological responses to stress.
Metrics for characterizing pollutant stress and habitat
condition are measured simultaneously to provide acontext
for interpreting biological response. Third, the scale of the
Survey is basinwide and statewide, rather than local.
However, MBSS data can be used to assess stream
condition at a county level and even for some smaller
watersheds.

The Survey uses a specia probability-based survey design
caled lattice sampling to ensure that non-tidal streams
within al of the state' s river basins can be sampled over a
three-year period. Thelatticedesign effectively stratifiesby
year and basin and restricts the sampling each year to about
one-third of the state's 17 major drainage basins. This
restriction is used to optimize the efficiency of the field
effort by minimizing the travel time between sampling
locations. Approximately 300 stream segments of fixed
length (75 m) are sampled each year, with biological,
chemical, and physical parameters measured at each
segment using standardized methods. Biological
measurements include the abundance, size, and individual
health of fish; taxa composition of benthic
macroinvertebrates; and presence of amphibians and
reptiles, mussels, and aquatic vegetation. Chemical
measurements include pH, acid-neutralizing capacity
(ANC), sulfate, nitrate, conductivity, dissolved oxygen, and
dissolved organic carbon (DOC). Physica habitat
parameters include commonly used observational



measurements such as instream habitat  structure,
embeddedness, pool and riffle quality, bank stability,
shading, and riparian vegetation, and quantitative
measurements such as stream gradient, maximum depth,
wetted width, and discharge. Other qualitative parameters
measured at each site include aesthetic value, remoteness,
and land use immediately visible from the segment.
Additional land use information for the entire catchment
upstream of each sample site was incorporated into the
Survey from statewidegeographicinformation system (GIS)
coverages.

This1995-1997 report presentsthefinal resultsof thethree-
year cycle of sampling that completesthefirst round of the
Survey. It documents the sampling of 955 segmentsin 17
of the state’s major drainage basins and provides for
statewide estimates of stream quality. The report first
describestheenvironmental setting of Maryland, placingthe
resultsin the context of their geologic, climatic, and human
history. It then characterizes stream conditions by
estimating average conditions in each basin for most of the
measured variables and by calculating the percentage of
stream miles where one or more thresholds for selected
variableswere exceeded. It also assessesthe quality of the
streams by estimating the number of stream milesin each
basin that meet thelndex of Biatic Integrity (IBI) thresholds
for good to fair fish and benthic macroinvertebrate
communities based on the reference condition for that
region. Relationships between specific characteristics of
these streams, including the fish and benthic 1BIs, and
potential anthropogenic stresses are investigated. These
major stressors include physical habitat degradation,
acidification, nutrients, and land use impacts. A brief
discussion is included of how MBSS results vary among
sample years and implications for interpreting the results.
A separate chapter uses the 1995-1997 MBSS results to
discuss the condition of Maryland’ s aquatic biodiversity.

Thegeologic history, climate, physiography, geology, soils,
and human influences on the landscape provide a useful
context for assessing Maryland streams. As a result of
glacia and post-glacial landform erosion, there are two
major drainages in Maryland today: the Chesapeake Bay
which empties into the Atlantic Ocean and the
Youghiogheny River, which ultimately drains to the
Mississippi River. All but one of the major river basinsin
Maryland drain into the Chesapeake Bay. Because these
basins form natural ecological and aquatic management
boundaries, they arethe primary reporting units used for the
Survey. Since the time of the last glaciation, a number of
climaticeventshave occurredthat havelikely influenced the
distribution of aguatic biota. Itisimportant that MBSSand

other data beinterpreted in the context of such past abiotic
conditions, even if the conditions only persist for weeks or
days. Variationsin precipitation, temperature, physiogra
phy, geology, and soilsare al soimportant when interpreting
the results of the 1995-1997 MBSS. Human influences
upon water quality extend to every part of the state. Prac-
tices such as forest management, agriculture, urbanization,
and mining have had significant impacts upon both air and
water quality inMaryland. Thehistory of humaninfluences
on Maryland streams sets obvious limits on the number of
high quality streams that can be preserved and the level of
integrity to which they can be restored. Therefore, it is
critical that natural resource managers develop an
appropriate vision of desired conditions for Maryland
streams and view the results of the Survey in that context.

During the 1995-1997 MBSS, 83 fish species were
collected at the stream segments sampled using the MBSS
stratified random sampling design. Occurrences not often
reported included the endemic checkered sculpin (found in
the Middle Potomac and Upper Potomac basins) and the
non-native cutthroat trout (found in the North Branch
Potomac and Patapsco basins). The density (number of
individuals per stream mile) and abundance (number per
basin) of individual game and non-game fish species were
caculated from double-pass electrofishing data and
corrected for capture efficiency. Statewide, the most
abundant stream fishes were blacknose dace and mottled
sculpin. Fish species richness per segment increased two-
fold from the most western basin to the central basins and
by four-fold in the eastern basins. Fish biomassfollowed a
similar pattern. Gamefish abundance and distribution
varied geographically and by stream order, with largemouth
bass and brook trout by far the most abundant gamefish
captured.  Evidence indicates that the brook trout and
American eel (an economically important species) have
experienced precipitous declines as a result of human
activities. Among all fish, external pathological
abnormalities were observed infrequently. Statewide, 346
benthic macroinvertebrate generawithin 112 familieswere
collected. Ingeneral, basinsonthe Coastal Plain contained
fewer benthic taxathan elsewherein the state. Amphibians
were present in approximately 50% of stream miles and
salamander species richness was significantly greater in
first- and second-order streamsthan in third-order streams.
Eight species of freshwater bival veswerefound throughout
the state during 1995-1997 sampling. The Asiatic clam, a
speciesintroduced to Maryland in the 1930s, was found in
13 of the basins sampled. Twenty-four distinct species of
aquatic vegetation were found. Aquatic plant species
richnesswas highest inlow-gradient, lessshaded streamsin
the Coastal Plain.
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Fish IBI scores for stream sites sampled in the 1995-1997
MBSS spanned awide range of biological conditions, from
good to very poor. Statewide, 45% of stream milesfell into
the range of good to fair. An estimated 29% showed
degradation (poor to very poor condition). The remaining
26% were not rated with the fish IBIl because of small
stream size. In the North Branch Potomac basin, 40% of
the stream miles exhibited somelevel of degradation, while
six basins (Gunpowder, Bush, EIk, Choptank,
Nanticoke/Wicomico, and Pocomoke) had no sites with
IBIs rated as very poor and less than 25% rated as poor.
First-order streamshad asmaller percentage of streammiles
rated as good or fair than did larger streams.

Benthic IBI scoresfor the stream sites sampled in the 1995-
1997 MBSS aso spanned a wide range of biological
conditions, from good to very poor. Statewide, 49% of
stream miles fell into the range of good to fair, while 51%
showed signs of degradation (poor to very poor conditions).
TheWest Chesapeake basin contained 70% of stream miles
rated very poor, while the Susquehanna basin had no sites
rated very poor. As with the fish IBI, first-order streams
had a smaller percentage of stream miles rated as good or
fair than did larger streams. According to the Hilsenhoff
Biotic Index (a benthic macroinvertebrate indicator of
organic pollution), 78% of stream miles statewide werein
good or fair condition using thisindicator, while only 19%
werein poor or very poor condition. The remaining 3% of
stream miles were not rated using the Hilsenhoff Biotic
Index because of smal samples. All three of these
biological indicators showed significant positive
relationships to each other, although there was a large
amount of variation at the statewide level.

The analysis of 1995-1997 MBSS data looked closely at
physica habitat degradation of Maryland streams.
Statewide, 28% of stream miles had no effective riparian
buffer vegetation. An estimated 40% of stream miles had
at least a 50 m vegetated riparian zone. An estimated 58%
of all stream mileshad forest cover and 14% had other types
of vegetation in theriparian zone. Statewide, an estimated
4% of stream miles had beaver ponds, with the highest
occurrence in the Lower Potomac basin (16%).
Channelization occurred at an estimated 17% of stream
miles in the state, with the highest occurrence in the
Pocomoke basin (82%). Severa instream condition
parameterswereal so sampled during the 1995-1997 MBSS.

The Physical Habitat Index (PHI) is a reference-based
indicator that combines many of the habitat metrics. PHI
scores for stream sites sampled in the 1995-1997 MBSS
spanned a wide range of biological conditions, from good
to very poor. Statewide, 49% of stream miles were rated
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either good or fair and 51% were rated poor or very poor.
The Elk basin received the best PHI rating, with 50% of
stream milesin good condition and no stream milesin very
poor condition. The West Chesapeake basin contained the
largest percentage of stream miles in very poor condition
(78%). A significant positive relationship was found
between PHI and both the fish and benthic IBIs, indicating
that physical habitat quality plays an important role in the
health of fish and benthic macroinvertebrate communities.
Although no indicator has been developed for amphibian
and reptile species, their numbers did increase with PHI
scores and with the width of the riparian buffer. Several
individual habitat metrics were also correlated with 1B
scores. Fish IBI scores were strongly related to instream
habitat structure and maximum depth. Benthic IBI scores
were most strongly correlated with riffle quality. Both
indicators were correlated with aesthetic quality, riparian
buffer width, and channel alteration.

MBSSsamplingin 1995-1997 provided new information on
the extent to which acidic deposition affects stream
chemistry and biological resources in Maryland streams.
Statewide, 2.6% of streams sampled inthe spring and 1.8%
of streams sampled in the summer had a pH less than 5.
First-order streams had a higher percentage of stream miles
with low pH than larger streams. Statewide, approximately
28% of the stream miles were acidic (ANC < 0 neg/l) or
acid-sensitive (ANC 0-200 wneq/l), with more than 60% of
stream miles acid-sensitive in five basins (Lower Potomac,
Pocomoke, North Branch Potomac, Y oughiogheny, and
Choptank). The preponderance of acidic and acid-sensitive
stream miles in the basins of Western Maryland and the
Coastal Plain is consistent with the findings of the 1987
Maryland Synoptic Stream Chemistry Survey (MSSCS). In
general, ANC valuesfor the 1995-1997 MBSS are slightly
higher than those in the 1987 MSSCS, indicating an
improvement in acid-base chemistry in streams over time.

For the 1995-1997 MBSS, analyses were conducted to
estimate the extent of impacts by acidic deposition, acid
mine drainage, organic acidity sources, and agriculture.
Acidic deposition was by far the most common source of
stream acidification, dominating 19% of stream miles; acid
mine drainage (AMD) was the dominant source in about
1.4% of stream miles. An additiona 1% of stream miles
were likely affected by both acidic deposition and AMD.
Only 0.8% were dominated by organic sources, while
another 1.7% werelikely affected by both organic acidsand
atmospheric deposition. Agriculture accounted for the
acidification of 4.2% of al stream miles. The effects of
AMD were greatest in the North Branch Potomac basin
where approximately 25% of stream miles were affected.
Substantial biological effects of acidification were also



evident. Statewide, fish and benthic IBI scores showed a
marked declinewithlow ANC, apattern paralleled by other
biological characteristics including fish species richness,
abundance, and biomass. Only six fish species were found
at siteswith pH < 5. The density of individual fish species
decreased dramatically at ANC < 200 neg/l and species
composition appeared to shift in favor of acid-tolerant
species.

Elevated nitrogen concentrations are one indicator of
nutrient enrichment in aquatic systems. Excessive nitrogen
loading may lead to the eutrophication of the receiving
water body, particularly in downstream estuaries.
Eutrophication often decreases the level of dissolved
oxygen availableto aquatic organisms. Prolonged exposure
to low dissolved oxygen values can suffocate adult fish or
lead to reduced recruitment. Statewide, the mgjority of
stream miles (59%) had nitrate-nitrogen (NO;-N)
concentrations greater than 1.0 mg/l. An estimated 41% of
stream miles had NO,-N concentrations between 0.1 mg/I
and 1.0 mg/l, and only 0.4% had concentrations that were
less than 0.1 mg/l. The mean statewide NO,-N
concentration was 2.45 mg/l. The following basins had
average NO,-N concentrations greater than the statewide
average: the Middle Potomac, Patapsco, Gunpowder,
Susquehanna, Elk, Chester, Choptank, and
Nanticoke/Wicomico basins. For the most part, these were
the same basins with sites with NO,-N concentrations
greater than 7.0 mg/l. Statewide, the majority of stream
miles(94%) contai ned di ssol ved oxygen concentrationsthat
were greater than 5.0 ppm, a level generally considered
healthy for aquatic life (also the water quality standard for
Maryland). An estimated 3% of stream mileshad dissolved
oxygen concentrations that fell between 3.0 ppm and 5.0
ppm, while 3% had concentrations less than 3.0 ppm.

The CORE/Trend program, begun in 1974, is part of
Maryland’ s long-term ambient monitoring of stream water
quality. Surface water samplesare collected monthly at 55
stations located throughout the state and analyzed for a
variety of physiochemical parameters. Stations from the
CORE/Trend program are located in 11 of the 17 basinsin
the State: the Y oughiogheny, North Branch Potomac, Upper
Potomac, Middle Potomac, Potomac Washington Metro,
Patuxent, Patapsco, Gunpowder, Susquehanna, Chester, and
Choptank.  Overall, the statewide average NO,-N
concentration from the CORE/Trend data was 1.82 mg/I,
while the average statewide NO,-N concentration from the
MBSSdatawas2.45mg/l. AverageNO,-N concentrations
intheY oughiogheny and the North Branch Potomac basins
were both consistently low, showing very little difference
between monitoring programs. In the Upper Potomac and

Patuxent basins, the average NO,-N concentration was
higher at the CORE/Trend stations than at the MBSS sites.
In the remaining basins sampled by both programs, the
NO,-N concentration was higher at the MBSS sample sites
than at the CORE/Trend stations. The greatest difference
was in the Choptank basin where MBSS sites had an
average NO,-N concentration of 3.66 mg/l, while the
CORE/Trend sites had an average concentration of 1.32
mg/l. Differencesin valueswithin individual basinswere,
in part, explained by differencesin sample site locations.

Landscape analysisis auseful tool for examining potential
cumulative effects on stream systems at alarge geographic
scae. For sites sampled in the 1995-1997 MBSS,
associations between upstream land use (using the Multi-
Resolution Land Characteristics data set) and biological
indicators of stream condition were analyzed. The extent of
urban land use was greatest among sites in the Patapsco
(average 31% of catchment area upstream of individual
MBSS sites in the basin) and Potomac Washington Metro
(23%) basins, and far lower in the remaining basins.
Agricultural land use was approximately 60% or greater at
stream sites in the Susquehanna, Middle Potomac,
Gunpowder, and Elk basins. Forest cover was most
extensive for sites in the North Branch Potomac basin
(83%).

The proportion of land usesin awatershed strongly affects
stream water quality. Streams in urban areas with more
impervious surface tended to have higher water
temperatures than streams in either agricultural or forested
watersheds. Streams in areas with more than 50%
agricultural land use in the watershed tended to have three
timesthe mean NO,-N concentration than streamswith less
than 50% agriculture. Land use also significantly affected
IBI scores. Nearly all sites with greater than 50% urban
land use had IBI scores indicative of poor to very poor
biological condition. Statewide, fish and benthic IBI scores
tended to decrease with increasing urban land use. These
relationships were the strongest in the Patapsco and
Potomac Washington Metro basinswherethe percentage of
urban land is the greatest. 1Bl scores also decreased with
bothlow- and high-intensity development. Surprisingly, the
fish IBI tended to increase with increasing agricultural land
use, while the benthic IBI did not show a significant
relationship with the amount of agricultural land in a
catchment. Forest land use did not show a significant
relationship to the fish IBI, although the high number of
forested sites that are impacted by acidic deposition and
AMD may confound this result. Forest land use was
significantly correlated with the benthic IBI and removing
sites that were impacted by acidic deposition and AMD
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madethisrelationship stronger. Wetlands, which occupy no
more than 5% of a catchment area, were not significantly
correlated to either the fish or benthic IBI. The Hilsenhoff
Biotic Index showed similar relationships to al types of
land use with the exception of agriculture. In this case,
Hilsenhoff Biotic Index scores increased (indicating
increased degradation) with an increased percentage of
agricultural land. This result indicates that the Hilsenhoff
Biotic Index may better detect the organic pollution
associated with agricultural fertilizers, acompelling reason
to useit as an ancillary indicator to the IBIs.

In order to determine how MBSS results for stream
chemistry, physical habitat, and biological communitiesvary
from year to year and with changes in weather conditions,
year-to-year variability in several parameterswasexamined.
Within the three basins resampled by the Survey in two
different years (Y oughiogheny, Patapsco, and Choptank),
the mean valuein each sampleyear for thefish IBI, benthic
IBI, PHI, and nitrate-nitrogen concentration wereexamined.
Although somesmall differencesweredetected, virtually all
were within the range of error (x1 standard error).
Statewide, Maryland received an average of 38% more
rainfall than normal in 1996, while 1995 and 1997 each
received an average of 7% less rainfal than normal.
However, the large amount of rain that fell in 1996 did not
result in predictably lower (or higher) valuesfor any of the
parameters examined.

This 1995-1997 MBSS report applies analyses using the
fish and benthic IBIs to differentiate among the multiple
contributing stressors of acidification, physical habitat
degradation, nutrients, and land use on Maryland streams.
Statewide, physical habitat degradation was the most
extensive sourceof stress, affecting 52% of non-tidal stream
miles. Therelative ranking of the extent of other stressors
was as follows: lack of riparian vegetation 28%, acidic
deposition 21%, agricultural land use 17%, urban land use
12%, and acid minedrainage 3%. Overall, 72% of the sites
sampled in the 1995-1997 MBSS were affected by at |east
oneof thesesix stressors. Theimportance of these stressors
varies considerably among basins and may combine in
different ways to produce large cumulative effects on
Maryland streams. A preliminary investigation was made
into how the combined stressors affect the fish and benthic
IBIs. Using multiple regression analysis, fish I1BI scores
decreased significantly with an increase in urban land use,
nitrate-nitrogen concentration, and the presence of AMD.
Fish IBI scores increased significantly with an increasein
agricultural land use and with improved physical habitat
quality. Neither the width of riparian vegetation (as
measured within the 75-m segment) nor the presence of

acidic deposition were significant factors for explaining
variation in fish IBI scores statewide. Statewide, benthic
IBI scores decreased significantly with anincreasein urban
land use and with the presence of AMD. Benthic IBI scores
increased significantly with improved physical habitat
quality and increased riparian buffer width. Surprisingly,
benthic 1Bl scoresal soincreased withthe presenceof acidic
deposition. Neither the percentage of agricultural land nor
the concentration of nitrate-nitrogen were significantly
correlated with the benthic 1BI in the multiple regression
model. In order to examine site-specific stressors, astressor
matrix was created for the more than 500 siteswith either a
fish or benthic IBI score lessthan 3.0. Thevaluesobtained
at each site for 32 parameters were arrayed in a matrix and
compared to a threshold value for each parameter (e.g.,
urban land use > 25% or NO,-N > 2 mg/l) to help identify
potential stressors at each site.

Biodiversity is more than just the number of species or the
IBI score of a stream, it is “the variety of life and its
processes’ at four scales (levels of organization): genetic,
species, ecosystem, and landscape. At present, the Survey
doesnot address genetic diversity, nor definethe ecosystem
or landscape types found in Maryland, but it does contain
detailed information on the distribution and abundance of
aquatic species (especialy fish) and the communities in
which they reside (as measured by species composition at
stream sites). Information from the 1995-1997 MBSS on
rare species, vulnerable fish populations, non-native fish
species, fishhybrids, speciesdiversity of several taxonomic
groups, and general fish community typesaddresses aspects
of both the ecological and evolutionary phenomena
statewide.

Statewide species richness and distribution were examined
for fish, benthic macroinvertebrates, reptiles and
amphibians, mussels, and aquatic vegetation. For fish, the
most species-rich sites were in the central part of the state,
but were scattered over more than one-third of Maryland.
Only three fish species (largemouth bass, bluegill, and
pumpkinseed) werepresentinall 17 river basins. Whenthe
distribution of fish species among three major geographic
regions—Highlands, Eastern Piedmont, and Coastal
Plain—is considered, 51 occurred in al three regions and
less than 10 were unique to any one region. Only 14
benthic macroinvertebrate taxa were present in all 17 river
basins. In no basin did the percentage of taxauniqueto the
basin exceed 10%. Ingenerdl, the statewide pattern of total
amphibian and reptile species richness declined from the
western to eastern parts of the State. Only two amphibians
(green frog and bullfrog) and one reptile (northern water
snake)were present in al 17 basins. Only five basins



contained more than two mussel species and the North
Branch Potomac contained none. Only the Choptank basin
contained more than ten aquatic plant species; three basins
contained seven to ten species.

In the 1995-1997 MBSS, the presence of six rare fish
(stripeback darter, glassy darter, mud sunfish, ironcolor
shiner, logperch, and flier), one rare salamander (Jefferson
salamander), and four rare mussels (alewife floater,
northern lance, Atlantic spike, and squawfoot) listed by the
state Natural Heritage program were recorded. Statewide,
16 of the basins contained at least one fish species with a
population sizeof lessthan 500 individuals(i.e., potentially
at risk of extirpation). For example, populations of redfin
pickerel and creek chubsucker, two species common to
Maryland's Coastal Plain, may be at risk in the Patapsco
basin where what little Coastal Plain and wetland habitats
occur in this basin appear to be suffering losses from
anthropogenic activities. Hybridization sometimes occurs
when speciesare brought together through range expansions
or habitat homogenization (usualy as a result of
environmental degradation). In the Middle Potomac basin
about 1% of the Lepomis collected were hybrids, whilein
the Bush basin about 0.1% of the cyprinids were hybrids.
Where non-native species make up alarge proportion of the
number of species or individuals in a basin, the natural
ecological or evolutionary processes of the fish
communities have likely been substantially altered. The
occurrence of non-native fish was greatest in the eastern
part of the state, with all basins exceeding 50% of stream
miles contai ning non-nativefish species. Incontrast, basins
in Western Maryland contained the lowest percentage of
stream miles with non-native fish species. Although non-
native fishes made up afairly small percentage of the total
fish fauna, these non-native species were widespread
geographically. TheAsiaticclam, anintroduced freshwater
mussel species, was found in 13 of the 17 basins sampled,
but at relatively few sites within each basin.

Recognizing that the Survey does not currently provide the
classification of ecosystem and landscape types needed for
acompl ete assessment of aquatic diversity, several kinds of
results can be used to identify streams and stream networks
that are noteworthy examples of naturaly functioning
community or ecosystem types. For the purposes of the
1995-1997 MBSS, “ high-integrity” streamsweredefined as
those having a fish or benthic IBI greater than 4.0.
Statewide, 20% of stream mileswere rated good by thefish
IBI and 11% were rated good by the benthic IBI. Thirty-
eight siteswere rated good by both the fish IBI and benthic
IBI. The 38 sites with highest biological integrity were
distributed among 10 river basins with nine in the
Y oughiogheny and eight in the Lower Potomac basins.

These siteslikely represent some of the most natural stream
ecosystem conditionsin Maryland. High-integrity streams
areevenmorelikely to support natural ecosystem processes
inthe absence of non-native species. Stream siteswith only
native fish species are fairly evenly distributed across the
State. However, only 56 of the 955 streams sampled in the
1995-1997 MBSS have only native fish species and high
biological integrity (based on fish IBI scores). Twenty of
these streams are clustered in the far western part of
Maryland, while the others are scattered mostly in the
central part of the State. High-integrity streamswith natives
only provide another potential focus for biodiversity
conservation efforts. One such candidate "biodiversity
hotspot” is the northwestern region of the North Branch
Potomac basin in the mainstem Savage River. Fiveof the
other basins also contained sites with high native species
richness and no non-native species, but in each case the
sites were disunct and no areas of concentration were
evident.

The goa of the MBSS is to provide environmental
managers and policymakerswith the information they need
to make effectivedecisions. For thisreason, the Survey was
designed to best answer a set of 64 management questions.
These questions represented the direction and range of
natural resource management concernsin 1995. Theresults
described in this 1995-1997 MBSS report provide
scientifically defensible and management-relevant answers
to the majority of these questions, in some cases the first
such answers ever obtained. At the same time, certain
management concerns have changed and programmatic
needs have evolved. Some of the 64 questions are less
important, while new questions need to be answered. This
report summarizes the answersto original MBSS questions
and to other questions of concern by the following topics:
physica characteristics, water chemistry, biological
resources, landscape characteristics, resource-stressor
associations, and resource-landscape associations. It aso
describes the relevance of these answers to current natural
resource management and policy initiatives. Specificaly,
the 1995-1997 MBSS providesMaryland DNR withitsfirst
comprehensive picture of Maryland’'s stream resources.
Information on the abundance and geographic distribution
of stream resources, especially aguatic biota, isvaluablefor
many groups with mandates for or interests in protecting
Maryland's streams. For example, the MBSS's statewide
and basinwide estimatesfor each fish speciescan beused to
supplement DNR Fisheries Service data and better target
management efforts. The Survey provides statewide,
statistically rigorousdataon the abundance and distribution
of fish that can be used to validate and supplement Natural
Heritage Program information. Information on
concentrations, or hotspots, of biodiversity componentsare
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already being used to support the Power Plant Research
Program’s (PPRP) Smart Siting initiative and the
Maryland's Unified Watershed Assessment as part of the
Federal Clean Water Action Plan.

Perhaps the most important information provided by the
1995-1997 MBSS is the answer to the question—What is
the condition of the resource? By developing two
reference-based biological indicators—the fish I1BI and
benthic 1Bl—the Survey provides unprecedented
opportunities for identifying degradation anywhere in the
state. Recently thisinformation was used to help designate
both Category 1 (priorities for restoration) and Category 3
(priorities for protection) watersheds within Maryland as
part of the Unified Watershed Assessment. Ultimately, it
may prove valuable for Maryland Department of the
Environment’ s(MDE) water quality standardsprogramand
preparation of its 303d list of streams not meeting
designated usesand to determinetotal maximum daily loads
(TMDLy5).

The Survey also providesacritical baseline for conducting
future monitoring to address short-term and long-term
trends. Already, the Survey determined that the extent of
acid-sensitive streams in Maryland has declined dlightly
sincethe1987 Maryland Synoptic Stream Chemistry Survey
(MSSCS). This result has important implications for
assessing the effectiveness of controlsinstituted as a result
of the 1990 Amendments to the Clean Air Act. Future
trends detection using the MBSS baseline monitoring data
will likely prove invaluable for addressing continued
population growth (supporting the Governor's Smart
Growth initiative) and climate change.

By collecting all these parameters in conjunction with
biological dataat each stream site, the Survey hasalso been
ableto makeaccurate estimates of therel ative contributions
of different stressors and to begin to investigate the
cumulative effects they have across the landscape.
Ultimately, solutions to stream problems depend on
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effective controls on or remediations at the source of
degradation. Information on potential stressors from the
1995-1997 MBSS will support a number of environmental
protection efforts including DNR's Integrated Natural
Resource Assessment, EPA’s Mid-Atlantic Integrated
Assessment, MDE's water quality program, and the
Maryland Tributary Strategy Team's plans to reduce
nutrients contributions to the Chesapeake Bay.

MBSS information can also help DNR select, design, and
implement watershed restoration efforts. Recently, data
from the 1995-1997 MBSS was incorporated into the
Integrated Natural Resource Assessment to identify 11
watersheds that will be the focus of future restoration
effortsby DNR’ sWatershed Restoration Division under the
Clean Water Action Plan and other initiatives. Inthefuture,
MBSS data may help other targeting efforts, such as the
Governor’s commitment to restoring 600 miles of riparian
vegetation in Maryland by the Y ear 2010.

Finally, this report closes with a discussion of the natural
resource management questionsthat remain to be answered
and the implications for future implementation of the
Survey. DNR hasbegun planning for asecond round of the
Survey by developing a new set of management questions
that reflect what has been learned in the first round of the
Survey, aswell asthe evolution of management and policy
concernssince 1995. To thisend, the Monitoring and Non-
Tidal Assessment Division has solicited commentsfrom al
parts of DNR on adraft set of management questions that
will help shape future design and methods refinements.
New management concerns likely to be incorporated into
the next round of MBSS monitoring include comparing
among sample rounds for trends detection; extending into
smaller and larger streams, (while delineating more stream
types); characterizing and assessing at finer geographic
scales; better characterizing existing and new stressors;
refining existing indicators and developing new ones; and
improving identification of rare species and other
biodiversity components.
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1 INTRODUCTION

Thisreport presentsthefinal results of athree-year cycle of
sampling conducted by the Maryland Biological Stream
Survey (MBSS or the Survey) to assess the “state of the
streams’ throughout thestate. Previousreportsdocumented
interim results from the 1995 (Roth et al. 1997) and 1996
(Roth et al. 1997) sample years. Thisintroductory chapter
recountsthe origin of the Survey, describesits components,
and provides a roadmap to the report.

1.1 ORIGIN OF THE MBSS

More than 10 years ago, the Maryland Department of
Natural Resources (DNR) recognized that atmospheric
deposition was one of the most important environmental
problems resulting from the generation of electric power.
Thelink between acidification of surface watersand acidic
deposition resulting from pollutant emissions was well
established and many studies pointed to adverse biological
effects of low pH and acid neutralizing capacity (ANC).
Decreased growth and reproductive potential of adult fish
and increased mortality rates of eggs and larvae were of
greatest concern (Klauda 1989, Baker et a. 1990a, Morgan
et a. 1991). To determine the extent of acidification of
Maryland streams resulting from acidic deposition, DNR
conducted theMaryland Synoptic Stream Chemistry Survey
(MSSCS) in 1987. The MSSCS estimated the number and
extent of streams at that time affected by or sensitive to
acidification statewide. They concluded that the greatest
concentration of fish resources at risk may be in streams
throughout the Appalachian Plateau and Coastal Plain
physiographic provinces (Knapp et a. 1988).

While the MSSCS demonstrated the potential for adverse
effects on biotafrom acidification, little direct information
was available on the biologica responses of Maryland
streams to water chemistry conditions. Data that were
available could not be used (because of methodological
differences and/or spatial coverage limitations) to compare
conditions across regions or watersheds (Tornatore et a.
1992). Neither was it possible to assess the interactions
between acidic deposition and other anthropogenic and
natural influences (CBRM 1989). For these reasons, in
1993, DNR created the MBSS to provide comprehensive
information on the status of biological resources in
Maryland streams and how they are affected by acidic
deposition and other cumulative effects of anthropogenic
stresses.

1.2 DESCRIPTION OF THE MBSS

The MBSS is intended to help environmental decision-
makers protect and restore the natural resources of
Maryland. The primary objectives of the MBSS are to

1 assess the current status of biological resourcesin
Maryland's non-tidal streams;

guantify the extent to which acidic deposition has
affected or may be affecting biological resourcesinthe
State;

examinewhich other water chemistry, physical habitat,
and land use factors are important in explaining the
current status of biological resourcesin streams;

compile the first statewide inventory of stream biota;

establish a benchmark for long-term monitoring of
trends in these biological resources; and

target future local-scale assessments and mitigation
measures needed to restore degraded biological
resources.

To meet these and other objectives of the MBSS, alist of 64
guestions that the Survey will try to answer was devel oped
(see Appendix A). These questions fall into three
categories: (1) characterizing biological resources, physical
habitat, and water quality (such asthe number of fishina
watershed or the number of stream miles with pH <5), (2)
assessing the condition of these resources (as deviation
from minimally impaired expectations), and (3) identifying
likely sources of degradation (by delineating relationships
between biological conditions and anthropogenic stresses).

Answering these questions has required a progression of
steps in the implementation of the Survey, including (1)
devising a sampling design to monitor non-tidal streams
throughout the state and allow area-wide estimates of the
extent of the biological resources, (2) implementing
sampling protocols and quality assurance/quality control
procedures to assure data quality and precision, (3)
developing indicators of biological condition so that
degradation can be evaluated as a deviation from reference
expectations, and (4) using a variety of analytica methods
to evauate the relative contributions of different
anthropogenic stresses.
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In creating the Survey, DNR implemented a probability-
based sampling design as a cost-effective way to
characterize statewide stream resources. By randomly
selecting sites, the Survey can make quantitative inferences
about the characteristics of al 9,258 miles of first-to-third-
order, non-tidal streams in Maryland (based on stream
length on a 1:250,000-scale base map). The U.S
Environmental Protection Agency (EPA) isencouragingthe
use of random sampling designs to assess status and trends
in surface water quality (EPA 1993). The initid MBSS
design began with the MSSCS sample frame and was
modified during the 1993 pilot and 1994 demonstration
phases to provide answers to the questions of greatest
interest (Valstad et al. 1995, 1996). Thefinal designallows
robust estimates at the level of stream size (Strahler orders
1,2, and 3), largewatershed (17 river basins), and the entire
state. Estimates by other categories, such as counties or
smaler watersheds (138 in Maryland), are possible
depending on the number of sample points in each unit.

DNR recognized that the utility of these estimates depended
on accurately measuring appropriate attributes of streams.
The Survey focuses on biology for two reasons: (1) organ-
ismsthemselveshavedirect societal valueand (2) biological
communitiesintegrate stresses over time and areavaluable
and cost-effective means of assessing ecological integrity
(i.e., the capacity of a resource to sustain its inherent
potential). Inevitably, overall environmental degradationis
tied to a failure of the system to support biological
processes at a desired level (Karr 1993). It is equally
important to recognize that the natural variability in biota
requiresthat several componentsof thebiological systembe
monitored.

Fish areanimportant component of streamintegrity and one
that also contributes to substantial recreational values. For
these reasons, fish communities are the primary focus of the
Survey. The Survey collects quantitative data for the
calculation of population estimates for individual fish
species (both game and nongame). These data can aso be
used to evaluate fish community composition, individual
fish health, and the geographic distribution of commercially
important, rare, or non-indigenous fish species. Benthic
(bottom-dwelling) macroinvertebrates are another essential
component of streams and they constitute the second
principal focus of the Survey. The Survey uses rapid
bioassessment procedures for collecting benthic
macroinvertebrates; these semi-quantitative methods permit
comparisons of relative abundance and community
composition, and have proven to be an effective way of
assessing biological integrity in streams (Hilsenhoff 1987,
Lenat 1988, Plafkin et al. 1989, Kerans and Karr 1994,
Resh 1995). The Survey aso records the presence of
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amphibiansand reptiles (herpetofauna), freshwater mussels,
and aguatic plants (both submerged aguatic vegetation
(SAV) and emergent macrophytes). The Survey has
established rigorous protocols (Kazyak 1996) for each of
these sampling components, aswell astraining and auditing
procedures to assure that data quality objectives are met.

Although the M BSS sampling design and protocol sprovide
exceptional information for characterizing the stream
resources in Maryland, designation of degraded areas and
identification of likely stressesrequiresadditional activities.
Assessing the condition of biological resources (whether
they are degraded or undegraded) requiresthe devel opment
of ecological indicators that permit the comparison of
sampled segment results to minimally impacted reference
conditions (i.e.,, the biological community expected in
watersheds with little or no human-induced impacts). The
Survey has used its growing database of information
collected with consistent methods and broad coverage
across the state to develop and test indicators of individual
biological components (i.e.,, fish and benthic
macroinvertebrates) and physical habitat quality. Each of
these indicators consists of multiple metrics using the
general approach devel oped for thelndex of Biotic I ntegrity
(IBI) (Karr et al. 1986, Karr 1991) and the Chesapeake Bay
Benthic Restoration Goals (Ranasinghe et al. 1994). The
fish and benthic 1BIs (which combine attributes of both the
number and the type of speciesfound) are widely accepted
indicators that have been adapted for use in a variety of
geographic locations (Miller et a. 1988, Cairns and Pratt
1993, Simon 1999). The Survey is investigating the
possibility of developing additiona indicators (eg.,
amphibians in small streams with few or no fish) and
combining components into a composite indicator of
biological integrity.

In addition to developing reference-based indicators, the
Survey is applying a variety of analytical methods to the
guestion of which stresses are most closely associated with
degraded streams.  This involves correlational and
multivariate analyses of water chemistry, physical habitat,
land use, and biological information (e.g., presence of non-
nativespecies). Thebiological informationalso providesan
unusual opportunity for evaluating the status of biodiversity
across the state; the distribution and abundance of species
previously designated as rare only by anecdotal evidence
can be determined and unique combinations of species at
the ecosystem and landscape levels can beidentified. Land
useand other landscape-scalemetricswill play animportant
role in identifying the relative contributions of different
stressesto the cumul ativeimpact on stream resources. This
report makes significant progress in quantifying known
stresses and investigating their impacts on biological



resources. Ultimately, the Survey seeks to provide an
integrated assessment of the problems facing Maryland
streams that will facilitate interdisciplinary solutions.

1.3 THE 1995-1997 STATEWIDE MBSSREPORT

This statewide report is the culmination of the progress
made by the Survey over the last five years. In 1993, the
Survey conducted a Pilot Study in four watersheds, two
each in the Appalachian Plateau and Coastal Plain physio-
graphic provinces (Valstad et al. 1995). The Pilot Study
eval uated thefeasibility of conducting therandom sampling
program and devel oped estimates of the time requirements
and costs to implement a full-scale Survey. In 1994, a
Demonstration Project wasconducted torefinelogisticsand
protocols at the larger spatial scale needed for implemen-
tation and to determine which questions the program could
successfully addresswith availableresources (Valstad et al.
1996). The Survey used information gained from the
Demonstration Project to refine the study design to obtain
the precision in the results needed to answer the questions
of greatest interest, i.e., those at the scale of stream order or
large watershed (river basin). The final sampling design
wasimplemented over three years—1995, 1996, and 1997.
The 1995 and 1996 MBSS reports presented the results of
sampling in those years (i.e., for the basins sampled in
those years), while this statewide report assesses all 17
basins and provides statewide estimates encompassing the
full array of Maryland's ecological conditions.

The 1995-1997 MBSS incorporates and builds upon
advancesmadeover the 5-year life of the Survey. Estimates
of fish abundance incorporate the results of double-pass
depletion, agear efficiency method developed for the 1995
MBSS that corrects for the relative capture efficiency of
electrofishing different species (Heimbuch et al. 1997).
The Index of Biotic Integrity (IBI) for fish, developed
initially using MBSSdatacollected in 1994 and 1995 (Roth
et al. 1998), hasbeen refined and validated using later data.
For thefirst time, the benthic 1Bl and physical habitat index
(PHI) have been devel oped following the model of fish IBI
development (using separate data setsfor devel opment and
validation). Thesethreeindicesarethe basisfor estimating
the number of stream miles in varying degrees of
degradation (good to very poor condition) and mapping the
locations of sites by their condition.

The Survey has also developed a series of analytical
techniques for characterizing biological communities,
assessing their condition, and evaluating the relative
contributions of different anthropogenic stresses. Previous
MBSS reports have expanded the description of fish

abnormalities (to address concerns about Pfiesteria
outbreaks) and refined the narrative descriptionsfor the 1Bl
categories (to improve their use for identifying impaired
waters under the federal Clean Water Act). Investigation
into therole of specific stressesin degrading Maryland non-
tidal streamshasimproved insevera ways. New analytical
techniques were applied to determine whether the sources
of acidification found in streams were acidic deposition or
acid mine drainage. Additional parameters describing
physical habitat condition were analyzed separately and as
combined in the reference-based PHI. Information on
nitrate-nitrogen concentrationsin streamswaseval uated and
compared with data from the CORE/Trends program to
address nutrient loading and downstream Chesapeake Bay
concerns. Evaluations of the associations between stream
parameters and land usein the upstream catchment draining
to each stream site were added to provide a watershed
context for addressing cumulative effects. Theland usesin
al of Maryland’s 17 basins were characterized with the
Multi-Resolution Land Characterization (MRLC) data set,
information at a finer resol ution than wasavailablein 1995.
In particular, low and high intensity developed areas were
separated into separate land cover classes. Where possible,
the Survey has looked at associations among multiple
stresses and provided initial rankings of stresses based on
their extent of influence (i.e., percentage occurrence in
miles of stream).

Now that MBSS results from all three sample years (1995,
1996, and 1997) have been integrated, we have compared
results among years and discussed the implications of
interannual variability in precipitation and other factors.
Statewide results also provide a better opportunity to
describe the abundance and geographic distribution of rare
species and other components of biodiversity. We have
conducted additional biodiversity analyses to identify
preliminary concentrationsof speciesrichness, rare species,
and other areas supporting biodiversity. The statewide
resultsinthisreport provideaframework for targeting areas
for further assessment at alocal scale, prioritizing areasfor
protection and mitigation of identified impacts, and
monitoring restoration success or other trendsin Maryland
streams. To this end, a demonstration of species and
indicator estimates at the county and small (138) watershed
scales are included. The extent to which these analyses
have answered the MBSS questions presented in Appendix
A isdiscussed in the final two chapters of this report.

1.4 ROADMAP TO THISREPORT
Thisreport presents the results of the 1995-1997 statewide

MBSS and includes 15 chapters and 8 appendices.
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Chapter 2 provides a general description of the overall
sampling design used by the Survey and describes the
specific survey methods used. Chapter 2 also includes a
brief description of the field and laboratory protocols and
the statistical methods used in data analysis. Chapter 3
describes the environmental setting, placing the resultsin
the context of their geologic, climatic, and human history.
Chapter 4 characterizesMaryland’ shiological resourcesby
taxa group; specia attention is given to statewide fish
estimates and discussions of important and declining
species. Chapter 5 summarizes the results of assessing
ecological condition using biological indicators (fish 1BlI,
benthic IBI, and Hilsenhoff Biotic Index). Chapters 6, 7, 8,
and 9 focus on issues affecting biological resources:
acidification, physical habitat, nutrients, and watershed land
use. Each of these chapters discusses the range of natural
conditions and how they have been modified by human
stressesin these categories. Chapter 10isabrief discussion
of how MBSS results vary among sample years and
implicationsfor interpreting the preceding results. Chapter
11 assessestherelative contributions of different stressesto
the cumulative problems faced by Maryland streams.
Chapter 12 analyzes the state of freshwater biodiversity,
recognizing that rare species and other components are not
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captured by many of the MBSS indicators. The last two
chapters summarize the conclusions of the statewide results
and place them in the context of potential management and
policy decisions (Chapter 13) as well as what questions
remain to be answered (Chapter 14).

Appendix A containsalist of questions being addressed by
the MBSS. Appendix B provides atable of the number of
stream milesand sites sampled each year. Appendix Clists
common and scientific names for al taxa collected in
MBSS. Appendix D is a summary of the precipitation
records for the 1995, 1996, and 1997 sample years.
Appendix E provides summary tables with statewide
estimates for habitat, water chemistry, and gamefish and
non-gamefish populations. Appendix F is a table of all
samplesitesassessed asdegraded with associated val uesfor
parametersthat might indicate likely stresses. Appendix G
is atable relating the 17 major drainage basins to the 138
small watersheds in the state and to Maryland's Tributary
Strategies Basins. Appendix H contains tables listing the
percentage of stream milesin each category of the fish and
benthic IBlsaswell asthe Physical Habitat Index for the 24
Maryland counties and selected small watersheds.



2 METHODS

This section presents the specific study design and
procedures used to implement the Maryland Biological
Stream Survey (hereafter referred to as MBSS or the
Survey). Thestudy areaof concern and the sampling design
developed to characterize it are presented, along with field
and laboratory methods for each component: water
chemistry, physica habitat, fish, benthic macro-
invertebrates, amphibians and reptiles, aquatic vegetation,
and mussels. Quality assurance and statistical methods are
described. This section also summarizes a capture
efficiency adjustment for fish and various landscape
evaluation methods used to increase the assessment and
analysis capabilities of the MBSS. Methods for the
formulation of the fish and benthic macroinvertebrate
indicators, aswell asfor the physical habitat indicator, can
be found in Chapters 5 and 6 of this report.

2.1 MBSSSTUDY DESIGN

The MBSS is a multi-year, probability-based sampling
program to:

1 assessthestatus and trendsof biological resources
in non-tidal streams of Maryland,;

1 determine how they are affected by acidic
deposition and other environmental factors;

1 developaninventory of ecological conditions; and

1 aidintargeting restoration activities.

The Survey study areacomprises 17 distinct drainagebasins
acrossthe state (Figure 2-1). Random sampling allowsthe
estimation of unbiased summary statistics (e.g., means,
proportions, and their respective variances) for the entire
state, a particular basin, or for subpopulations of special
interest (e.g., al streamswith pH <5).

Because it would have been cost prohibitive to visit a suff-
icient number of sitesin all basinsin a single year, lattice
sampling was used to schedule sampling of al basins over
athree-year period. Lattice sampling, aso known as multi-
stratification, is a cost-effective means of allocating effort
across time in a large geographic area (Cochran 1977,
Jessen 1978). A table, or lattice, was formed by arranging
17 basins in 17 rows, and the yearsin 3 columns. Lattice
sampling was the method used for selecting cellsfrom this
17x3 table so that all basinswould be sampled over athree-
year period and al basinswould haveanon-zero probability
of being sampled in a given year (Figure 2-1). Although

originally included in the design as one of 18 basins
originally included in the design, the Conewago basin was
not sampled as part of the Survey’s random sampling,
because its small number of non-tidal stream miles would
not permit accurate estimates of basin characteristics.
However, in 1997, three sites chosen in a non-random
manner in the Conewago basin were sampled using MBSS
methods. Similarly, three non-random sites were sampled
in the Ocean Coastal basin in 1997 to provide an overview
of conditionsthere. Theanalysesinthisreport describethe
results of random sampling for the 17 principa basinsin
Maryland. It doesnot includetheresultsfrom supplemental
sampling for fishthat was conducted to augment the Survey.

The study area was divided into three geographic regions
with five to six basinsin each: (1) western, (2) central, and
(3) eastern. This geographic stratification facilitated the
effective use of three sampling crews from the different
regions. Two basins were randomly selected (without
replacement) from each region for sampling each year. One
randomly selected basinin each region wasvisitedtwice, in
order to quantify between-year variability in the response
variables. A new set of randomly-sel ected siteswas chosen
for the repeat year. This controlled selection of cellsfrom
the lattice allowed estimation of average condition for all
cells; (i.e., theaverage condition for all basins over athree-
year period).

The sampling frame for the Survey was constructed by
overlaying basin boundariesonamap of al blue-linestream
reaches in the study area as digitized on a U.S. Geological
Survey 1:250,000 scale topographic map. This sample
frame was similar to that used by the earlier Maryland
Synoptic Stream Chemistry Survey (MSSCS) conductedin
1987 (Knapp and Saunders 1987, Knapp et al. 1988). The
Strahler convention (Strahler 1957) was used for ranking
stream reaches by order; first-order reaches, for example,
are the most upstream reaches in the branching stream
system. Sampling was restricted to non-tidal, third-order
and smaller stream reaches, excluding impoundments that
were non-wadable or that substantially altered the riverine
nature of the reach (Kazyak 1994). Together, these first-
through third-order streams comprise about 90% of all
stream and river milesin Maryland. Stream reaches were
further divided into non-overlapping, 75-meter segments;
these segments were the elementary sampling units from
which biological, water chemistry, and physical habitat data
were collected.
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Figure 2-1. Basinsin the MBSS study area and the years scheduled for sampling in the 1995-1997 survey



The 1995-97 MBSS study design was based on stratified
random sampling of segmentswithin each basin; each basin
wasstratified by stream order (Figure2-2). Withinastream
order, the number of segments sampled per basin is
proportional to the number of stream miles in the basin
(Appendix B, Table B-1). To achieve the target number of
samples per stream order within each basin, agiven number
of segments were randomly selected from each basin and
ranked in order of selection. In all basins, extra segments
wereselected asacontingency against lossof sampling sites
from restricted access to selected streams or from streams
that were dry, too deep, or otherwise unsampleable owing
to field conditions. In some basins, where only a small
number of sites would have been selected using this
method, additional random sites were selected to increase
samplesize. Theseextrasites(selected at random using the
method described above) were used to provide better
basinwideestimates; they were not included inthe estimates
of statewide conditions.

Permissions were obtained to access privately owned land
adjacent to or near each stream segment. The procedures

for obtaining permissions are described in Chaillou (1995).
Becauselandowner permissionswereobtainedinasynoptic
fashion and some variation in these rates occurred, we
obtai ned more permissionsthan wereneeded for the Survey.
Only the highest ranking siteswere sampled until the target
goal for that basin was reached. For the three year study,
the success rate for abtaining permission to access stream
sampling segments was high. Eighty-eight percent of sites
that weretargeted for permission weresampled (Table 2-1).
Reasons for permission denia varied widely and generally
reflected the preferencesof individual landownersregarding
property access, rather than any specific types of land. In
rare cases, permission denial may affect theinterpretation of
MBSS estimates, but only where denials occur in streams
with characteristics that differ from the general population
of streams. In one example of potentia bias, several sites
with known coal mining activities in the North Branch
Potomac basin denied permission to sample, likely under
representing the proportion of acid mine drainage in the
population.

Table 2-1. Landowner permission success rates for basins sampled in the 1995-1997 MBSS
Number of Stream
Basin Segments Tar geted as Potential Success Rate
Sample Sites

Y oughiogheny 1995 71 75%
Y oughiogheny 1997 46 78%
North Branch Potomac 90 86%
Upper Potomac 99 87%
Middle Potomac 165 87%
Potomac Washington Metro 94 97%
Lower Potomac 91 7%
Patuxent 103 93%
West Chesapeake 53 91%
Patapsco 1995 96 86%
Patapsco 1996 89 87%
Gunpowder 66 89%
Bush 45 87%
Susquehanna 45 94%
Elk 411 78%
Chester 82 93%
Choptank 1996 44 93%
Choptank 1997 33 94%
Nanti coke/Wicomico 62 100%
Pocomoke 58 94%
TOTAL 1473 88%
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Stratified Random Sampling Design

As shown in this hypothetical basin, stratified
random sampling was used to select stream
segments for the MBSS. The sampling
frame was made up of non-tidal first
through third order streams as digitized
from a U.S. Geological Survey 1:250,000
scale map. Streams were stratified by
stream order and divided into 75 meter
segments.

Basin

AFirst Order

Second Order @

M Third Order

Segments were then randomly selected from
each basin for each of the three stream orders. An
approximately equal number of segments were selected
from each of the three stream orders across basins.

Figure 2-2. MBSS stratified random sampling design
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Figure 2-2. Continued

2.2 DESCRIPTION OF STUDY AREA

The Survey encompasses first-, second-, and third-order
streams in Maryland, as determined from the 1:250,000
scale base map. It is important that the stream systems
included in the Survey were precisely described in terms of
the extent, location, and order of each type of stream. For
the 17 basins sampled in the Survey, the number of first-
through third-order stream milesranged from 186 (Bush) to
1,102 (Middle Potomac) (Appendix B, Table B-1). The
number of first-order stream miles (5,820) was about four
times the number of second-order and eight times the
number of third-order stream miles. Only by reference to
these"total stream miles’ can estimates of the percentage of
theresourcewith specific attributesbe converted to thetotal
amount of the resource.

2.3 FIELD AND LABORATORY METHODS

In al, 955 stream segments were successfully sampled in
the spring during 1995-1997; of those, 905 were also
sampled in summer (Figure 2-3; Appendix B, Table B-2).
Benthic macroinvertebrate and water quality sampling were
conducted in spring, when the benthos are thought to be

reliable indicators of environmental stress (Plafkin et al.
1989) and when acid deposition effects are often the most
pronounced. Fish, amphibians and reptiles, aquatic
vegetation, and mussel sampling, along with physica
habitat eval uations, were conducted at 905 segmentsduring
the low-flow period in summer. Fish community
composition tendsto be stable during summer, and low flow
is advantageous for electrofishing. Because low-flow
conditions in summer may be a primary factor limiting the
abundance and distribution of fish populations, habitat
assessments were performed during the summer. The
samplesizein summer islower thanin spring because some
streams were dry in summer or were, in rare Cases,
otherwise unsampl eable.

To reduce temporal variability, sampling during spring and
summer was conducted within specific, relatively narrow
time intervals, referred to as index periods (Janicki et al.
1993). These index periods were defined by degree-day
limitsfor specific partsof thestate. Thisapproach provided
a synoptic assessment of the current status of stream biota,
water quality, and physical habitat in the 17 basins
sampled. The spring index period was the time period
between approximately March 1 and May 1, with end of the
index period determined by degree-day accumulation as
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specified in Hilsenhoff (1987). In reality, most spring
samples(78%) werecollectedin March, well beforedegree-
day accumulation limits were approached. The summer
index period was between June 1 and September 30
(Kazyak 1994).

2.3.1 Data Collection and M easurement

Field sampling followed procedures specified inthe MBSS
sampling manual (e.g., Kazyak 1996). A summary of the
variables measured and the field and laboratory methods
used to conduct the sampling follows.

2.3.1.1 Water Chemistry

During the spring index period, water samples were
collected at each site for analysis of pH, acid neutralizing
capacity (ANC), conductivity, sulfate, nitrate-nitrogen, and
dissolved organic carbon (DOC). These variables describe
basic water quality conditions with an emphasis on factors
related to acidic deposition.

Grab sampleswere collected in one-liter bottlesfor analysis
of all anaytes except pH. Water samples for pH were
collected with 60 ml syringes, which allowed purging of air
bubbles to minimize changes in carbon dioxide content
(EPA 1987). Sampleswere stored on wet ice and shipped
on wet ice to the analytical laboratory within 48 hours.
Laboratory analyses were carried out by the University of
Maryland’ s Appalachian Laboratory in Frostburg.

Chemical analysis of water samples followed standard
methodsdescribedin EPA'sHandbook of Methodsfor Acid
Deposition Studies (EPA 1987). These methods are
summarized in Table 2-2. EPA protocols were followed,
except that ANC sample volume was reduced to 40 ml to
ease sample handling. Routine daily quality control (QC)
checksincluded processing duplicate, blank, and calibration
samples according to EPA guidelines for each analyte.
Field duplicates were taken at 5% of al sites. Routine QC
checks helped to identify and correct errors in sampling
routines or instrumentation at the earliest possible stage.

During the summer index period, in situ measurements of
dissolved oxygen (DO), pH, temperature, and conductivity
were collected at each site to further characterize existing
water quality conditions that might influence biological

communities. Measurements were made at an undisturbed
section of the segment, usually in the middle of the stream
channel, using electrode probes. Instruments were
calibrated daily and calibration logbooks were maintained
to document instrument performance.

2.3.1.2 Benthic Macroinvertebrates

Benthic macroinvertebrates were collected to provide a
gualitative description of the community composition at
each sampling site (Kazyak 1996). Sampling was
conducted during the spring index period. Benthic
community data were collected for the purpose of
calculating biological metrics, such as those described in
EPA's Rapid Bioassessment Protocols (Plafkin et al. 1989),
and useasan indicator of biological integrity for Maryland
streams.

At each segment, a 600 micron mesh "D" net was used to
collect organismsfrom habitatslikely to support thegreatest
taxonomic diversity. A riffle areawas preferred, but other
habitats were also sampled using a variety of techniques
including kicking, jabbing, and gently rubbing hard surfaces
by hand to dislodge organisms. If available, other habitat
typesweresampled, including rootwads, woody debris, | eaf
packs, macrophytes, and undercut banks. Eachjab covered
one square foot, and a total of approximately 2.0 m? (20
square feet) of combined substrates was sampled and
preserved in 70% ethanol. In the laboratory, the preserved
samplewastransferred to agridded pan and organismswere
picked from randomly selected grid cells until the cell that
contained the 100th individual (if possible) was completely
picked. Some sampleshad fewer than 100individuals. The
benthic macroinvertebrates were identified to genus, or
lowest practicable taxon, in the laboratory.

2.3.1.3 Fish

Fish were sampled during the summer index period using
double-pass electrofishing within  75-meter stream
segments.  Block nets were placed at each end of the
segment and direct current backpack e ectrofishing units
were used to sample the entire segment. An attempt was
made to thoroughly fish each segment, sampling the entire
stream segment. A consistent effort was applied over the
two passes. Thissampling approach allowed cal culation of
several metrics useful in calculating abiological index and
produced estimates of fish species abundance.
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Table 2-2. Analytical methods used for water chemistry samples collected during the spring index period.
See EPA (1987) for details
Analyte Detection Holding
(units) Method I nstrument Limit Time (days)
pH EPA Sec. 19.0 Closed system using Orion 611 0.01 7
(standard units) pH meter equipped with Orion
08104 Ross combination
electrode and Hellman chamber
Specific EPA 120.1 Y Sl 32 equipped with 3403 NA 14
Conductance conductivity cell (1.0 cm/sec
(wmho/cm) cell constant)
Acid Neutralizing EPA Sec. 5.0 Titration (modified Gran NA 14
Capacity modified analysis) using Orion 611 pH
(negfl) meter
Dissolved Organic EPA 415.1 Doorman DC-80 carbon 1.0 14
Carbon (mg/l) analyzer
Sulfate (mg/l) EPA 300.0 Danaus 2001i ion 0.206 14
chromatography (with upgrade)
Nitrate EPA 300.0 Danaus 2001i ion 0.013 14
Nitrogen (mg/l) chromatography (with upgrade)
NA = Not Applicable

In small streams, asingle electrofishing unit wasused. In
larger streams, two to five units were employed to
effectively samplethesite. Captured fishwereidentifiedto
species, counted, weighed, and released. Any individuals
that could not be identified to species were retained for
laboratory confirmation. For each pass, all individuals of
each gamefish species(defined astrout, bass, walleye, pike,
chain pickerel, and striped bass) were measured for total
length and examined for visible external pathologies or
anomalies. For nongame species, up to 100 fish of each
species (from both passes) were examined for visible
external pathologies or anomalies. For each pass, all non-
game species were weighed together for an aggregate
biomass measurement; gamefish were also weighed in
aggregate to the nearest 10 g.

Electrofishing was also conducted at supplemental, non-
randomly selected sites during the summer. The presence
of each species of fish was recorded for these segmentsto
provide additional qualitative information on fish
distributions. Sampling effort at most supplemental sites
was based on doubling the elapsed time since the last
species was recorded or a minimum of 600 seconds of
electrofishing effort.
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After processing the fish collection in the field, voucher
specimens were retained for each species not previousy
collected in the drainage basin. In addition, all individuals
which could not be positively identified in the field were
retained. The remaining fish were released. All voucher
specimensand fishretained for positiveidentificationinthe
laboratory were examined and verified by the MBSS
Quality Assurance Officer or ichthyologists at Frostburg
State University, Frostburg, Maryland or the Smithsonian
Institution, Washington, DC.

2.3.1.4 Amphibiansand Reptiles

At each sample segment, amphibians and reptiles were
identified and the presence of observed species was
recorded during the summer index period. A search of the
riparian area was conducted within 5 meters of the stream
on both sides of the 75-meter segment. Any amphibians
and reptiles collected during the el ectrofishing of the stream
segment were also included in the specieslist. Individuals
were identified to species when possible.  Voucher
specimens and individual s not positively identifiablein the
field were retained for examination in the laboratory and



confirmation by herpetologists a the Smithsonian
Institution, Washington, DC, and/or Towson University,
Towson, Maryland.

2.3.1.5 Mussels

During the summer index period, freshwater mussels were
sampled qualitatively by examining each 75-meter stream
segment for their presence. Mussels were identified to
species, their presence recorded, and individuals released.
Speciesnot positively identifiablein thefield wereretained
for confirmation by U.S. Geologica Survey (USGS)
Biological Resources Division staff.

2.3.1.6 Aquatic Vegetation

During the summer index period, aquatic vegetation was
sampled qualitatively by examining each 75-meter stream
segment for the presence of aguatic plants. Plants were
identified to species and their (if possible) presence
recorded for each site. While the primary objective wasto
document the presence of submerged agquatic vegetation
(SAV), emergent vegetation was also recorded when
encountered. Speciesnot positively identifiableinthefield
were retained for examination in the laboratory and
confirmation by DNR's staff expert on SAV. Due to the
difficulty inlong-term preservation, no permanent vouchers
of aguatic vegetation were retained.

2.3.1.7 Physical Habitat

Habitat assessments were conducted at all stream segments
as ameans of ng the importance of physical habitat
to the biological integrity and fishability of freshwater
streams in Maryland. Procedures for habitat assessments
(Kazyak 1996) were derived from two currently used
methodologies: EPA's Rapid Bioassessment Protocols
(RBPs) (Plafkin et al. 1989), as modified by Barbour and
Stribling (1991), and the Ohio EPA's Qualitative Habitat
Evauation Index (QHEI) (Ohio EPA 1987, Rankin 1989).
Guidelines for qualitative habitat assessment scoring are
listed in Table 2-3. A number of characteristics (instream
habitat, epifaunal substrate, velocity/depth diversity,
pool/glide/eddy quality, riffle/run quality, channel alter-
ation, bank stability, embeddedness, channel flow status,
and shading) were assessed qualitatively, based on visual
observations within each 75-meter sample segment.
Riparian zone vegetation width was estimated to the nearest
meter, up to 50 meters from the stream. Additional
observations of the surrounding area were used to assign

ratings for aesthetic value (based on visible signs of human
refuse at asite) and remoteness (based on distance from the
nearest road, accessibility, and evidence of human
activity). Also recorded were the presence or absence of
various stream features including substrate types, various
morphological characteristics, beaver ponds, point sources,
and stream channelization. Local land usesvisiblefromthe
stream segment and riparian vegetation type were also
noted.

Several additional physical characteristics were measured
guantitatively to further characterize the habitat for each
segment (see Kazyak 1996 for details). Quantitative mea
surements of the segment included maximum depth, stream
gradient, velocity, thalweg depth, number of functional
rootwads, number of functional large woody debris, wetted
width, sinuosity, and overbank flood height. A
velocity/depth profile was measured or other data were
collected to enable calculation of discharge.

Recognizing that water temperature is an important factor
affecting stream condition (but one that varies daily and
seasonally), the Survey deployed temperatureloggersat 220
sitesin five basinsduring the sampleyear 1997. Thebasins
sampled were: the Choptank, Susguehanna, Potomac
Washington Metro, Patuxent, and Pocomoke basins. Onset
Computer Corporation Optic Stowaway model temperature
loggers were anchored in each sample site during the
summer index period. They recorded thewater temperature
every 15 minutes from June 15 until mid-September.

2.3.2 Data Management

All crews used standardized pre-printed data forms
developed for the Survey to ensure that all data for each
sampling segment were recorded and standard units of
measure were used (Kazyak 1996). Using standard data
forms facilitated data entry and minimized transcription
error. Thefield crew leader and asecond reviewer checked
all datasheetsfor completenessand legibility beforeleaving
each sampling location. Original data sheets were sent to
the Data Management Officer for further review and data
entry, while copies were retained by the field crews.

A custom database application, in which the input module
was designed to match each of the field data sheets, was
used for data entry. Data were independently entered into
two databases and compared using a computer program as
a quality-control procedure. Differences between the two
databases were resolved from origina data sheets or
through discussions with field crew leaders.
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Table 2-3. Guidelines for qualitative habitat assessment (Kazyak 1996)

MBSS Habitat Assessment Guidance Sheet

variety of cobble, boulder,
submerged logs, undercut
banks, snags, rootwads,
aguatic plants, or other
stable habitat

habitat. Adequate habitat

habitat. Habitat avail-
ability lessthan desirable

Optimal Sub-Optimal Marginal Poor
Habitat Parameter 16-20 11-15 6-10 0-5
1. Instream Habitat® Greater than 50% mix of a | 30-50% mix of stable 10-30% mix of stable Less than 10% stable

habitat. Lack of habitat is
obvious

2. Epifaunal Substrate®

Preferred substrate
abundant, stable, and at
full colonization potential
(riffleswell developed and

Abund. of cobble with
gravel &/or boulders
common; or woody de-
bris, aguatic veg., under-

Large boulders and/or
bedrock prevaent;
cobble, woody debris, or
other preferred surfaces

Stable substrate lacking;
or particles are over 75%
surrounded by fine
sediment or flocculent

(<0.5 m); fast (>0.3 m/s),
deep; fast, shallow habitats
al present

dominated by cobble; cut banks, or other pro- uncommon material
and/or woody debris ductive surfaces common
prevaent, not new, and not | but not prevalent /suited
transient) for full colonization
3. Veocity/Depth Slow (<0.3 m/s), deep Only 3 of the 4 habitat Only 2 of the 4 habitat Dominated by 1 ve-
Diversity© (>0.5 m); slow, shallow categories present categories present locity/depth category

(usually pools)

4.  Pool/Glide/Eddy

>50% pool/glide/eddy

10-50% pool/glide/eddy

<10% pool/glide/eddy

Pool/glide/eddy habitat

evidence of channel
straightening or dredging;
0-10% of stream banks
artificially armored or
lined

10-40% of stream banks
artificially armored or
obviously channelized

coarse sand on bars;
and/or embankments on
both banks; and/or 40-
80% of banks artificially
armored; or channdl lined
in concrete

Quality®@ habitat; both deep habitat, with deep (>0.5 m) | habitat, with shallows minimal, with max depth
(>.5m)/shallows (<.2 m) areas present; or >50% (<0.2 m) prevaent; low | <0.2 m, or absent
present; complex slow water with little water areas with little completely
cover/&/or depth >1.5 m cover cover

5. Riffle/Run Riffle/run depth generally | Riffle/run depth generally | Riffle/run depth Riffle/run depth <1 cm; or

Quality® >10 cm, with maximum 5-10 cm, variety of current | generally 1-5 cm; riffle/run substrates
depth greater than 50 cm velocities primarily asingle current | concreted
(maximum score); velocity
substrate stable (e.g.
cobble, boulder) & variety
of current velocities

6. Channel Little or no enlargement of | Bar formation, mostly Recent but moderate Heavy deposits of fine

Alteration® islands or point bars; no from coarse gravel; and/or | deposition of gravel and | material, extensive bar

development; OR recent
channelization or dredging
evident; or over 80% of
banks artificially armored

7. Bank Stability®

Upper bank stable, 0-
10% of banks with
erosional scars and little
potential for future

Moderately stable. 10-
30% of banks with

erosiona scars, mostly
healed over. Slight po-

Moderately unstable. 30-
60% of banks with
erosiona scars and high
erosion potential during

Unstable. Many eroded
areas. "Raw" areas
frequent along straight
sections and bends. Side

summer; 100% = fully and densely shaded all day in summer

problems tential in extreme floods extreme high flow slopes >60° common
Embeddedness™ Percentage that gravel, cobble, and boulder particles are surrounded by line sediment or flocculent material.
Channel Flow Percentage that water fills available channel
Status®
10.  Shading? Percentage of segment that is shaded (duration is considered in scoring). 0% = fully exposed to sunlight all day in

11. Riparian Buffer ®

Minimum width of vegetated buffer in meters; 50 meters maximum; see back of Habitat Assessment Data Sheet
for buffer type and land cover immediately adjacent to buffer
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Table 2-3. Continued

Habitat Parameter

Optimal (16-20)

Sub-Optimal (11-15)

Mar ginal (6-10)

Poor (0-5)

12. Aesthetic Rating®

Little or no evidence of
human refuse present;
vegetation visible from
stream essentialy ina
natural state

Human refuse present in
minor amounts; and/or
channelization present but
not readily apparent;
and/or minor disturbance
of riparian vegetation

Refuse present in
moderate amounts;
and/or channelization
readily apparent; and/or
moderate disturbance of
riparian vegetation

Human refuse abundant
and un-sightly: and/or
extensive unnatural
channelization; and/or
nearly complete lack of
vegetation

13. Remoteness™

Stream segment more than
1/4 mile from nearest road,;
access difficult and little or
no evidence of human
activity

Stream segment within /4
of but not immediately
accessible to roadside
access by trail; site with
moderately wild character

Stream within 1/4 mile of
roadside and accessible
by trail; anthropogenic
activities readily evident

Segment immediately
adjacent to roadside
access, visua , olfactory,
and/or auditory displeasure
experienced

a) Instream Habitat Rated based on perceived value of habitat to the fish community. Within each category, higher scores should be assigned to sites
with avariety of habitat types and particle sizes. In addition, higher scores should be assigned to sites with a high degree of hypsographic complexity
(uneven bottom). In streams where ferric hydroxide is present, instream habitat scores are not lowered unless the precipitate has changed the gross
physical nature of the substrate. In streams where substrate types are favorable but flows are so low that fish are essentially precluded from using the
habitat, low scores are assigned. |f none of the habitat within a segment is useable by fish, a score of zero is assigned.

b) Epifaunal Substrate Rated based on the amount and variety of hard, stable substrates usable by benthic macroinvertebrates. Because they inhibit
colonization, flocculent materials or fine sediments surrounding otherwise good substrates are assigned low scores. Scores are a so reduced when
substrates are less stable.

¢) Velocity/Depth Diversity Rated based on the variety of velocity/depth regimes present at a site (low-shallow, slow-deep, fast-shallow, and fast-
deep). Aswith embeddedness, this metric may result in lower scoresin low-gradient streams but will provide a statewide information on the physical
habitat found in Maryland streams.

d) Pool/Glide/Eddy Quality Rated based on the variety and spatial complexity of slow- or still-water habitat within the sample segment. It should
be noted that even in high-gradient segments, functional ly important slow-water habitat may existintheform of larger eddies. Withinacategory, higher
scores are assigned to segments which have undercut banks, woody debris or other types of cover for fish.

e) Riffle/Run Quality Rated based on the depth, complexity, and functional importance of riffle/run habitat in the segment, with highest scores
assigned to segments dominated by deeper riffle/run areas, stable substrates, and a variety of current velocities.

f) Channel Alteration |Isameasure of large-scale changes in the shape of the stream channel. Channel ateration includes: concrete channels,
artificial embankments, obvious straightening of the natural channel, rip-rap, or other structures, as well as recent bar development. Ratings for this
metric are based on the presence of artificia structures aswell as the existence, extent, and coarseness of point bars, side bars, and mid-channel bars
which indicate the degree of flow fluctuations and substrate stability. Evidence of channelization may sometimes be seen in the form of bermswhich
paralel the stream channel.

g) Bank Stability Rated based on the presence/absence of riparian vegetation and other stabilizing bank materials such as boulders and rootwads,
and frequency/size of erosional areas. Siteswith steep slopes are not penalized if banks are composed solely of stable materials.

h) Embeddedness Rated as a percentage based on the fraction of surface area of larger particlesthat is surrounded by fine sediments on the stream
bottom. In low gradient streams with substantial natural deposition, the correlation between embeddedness and fishability or ecological health may
be weak or non-existent, but this metric is rated in al streams to provide similar information from all sites statewide.

i) Channel Flow Status Rated based on the percentage of the stream channel that haswater, with subtractions madefor exposed substratesand islands.

j) Shading Rated based on estimates of the degree and duration of shading at a site during summer, including any effects of shading caused by
landforms.

k) Riparian Buffer Zone Based on the size and type of the vegetated riparian buffer zone at the site. Cultivated fields for agriculture which have
bare soil to any extent are not considered as riparian buffers. At siteswhere the buffer width isvariable or direct delivery of storm runoff or sediment
to the stream is evident or highly likely, the smallest buffer in the segment. (e.g., O if parking lot runoff enters directly to the stream) is measured and
recorded even though some of the segment may have awell developed buffer.  In cases where the riparian zone on one side of the stream slopes away
from the stream and thereisno direct point of entry for runoff, the buffer on the other side of the stream should be measured and recorded and acomment
made in comments section of the data sheet.

1) Aesthetic Rating Rated based on the visual appeal of the site and presence/absence of human refuse, with highest scores assigned to stream segments
with no human refuse and visually outstanding character.

m) Remoteness Rated based on the absence of detectable human activity and difficulty in accessing the segment.

2-11



2.3.3 QA/QC for Field Sampling

A Quality Assurance Officer (QAO) experienced in all
aspects of the Survey was appointed to administer the
quality assurance program. Specific quality assurance
activities administered by the QAO included preparing a
field manual of standard sampling protocols, designing
standard forms for recording field data, conducting field
crew training and proficiency examinations, conducting
field and laboratory audits, making independent habitat
assessments, identifying taxa, reviewing all reports, and
reporting errors.

To ensure consistent implementation of sampling
procedures and a high level of technical competency,
experienced field biol ogistswere assigned to each crew and
al field personnel completed program training before
participating in field sampling. Training topics included
MBSS program orientation, stream segment location using
global positioning system (GPS) equipment, sampling
protocols, operation and maintenance of sampling
equipment, data transcription, quality assurance/quality
control, and safety. The spring field crew received
additional training in sampling protocols for water quality
and benthic macroinvertebrates. The summer field crews
received additional training in habitat assessment methods,
taxonomy, and in situ water chemistry assessment.

Trainingincluded classroom, laboratory, and field activities.
Instructors emphasi zed the obj ectives of the Survey and the
importance of strict adherence to the sampling protocols.
The QAO conducted proficiency examinationsto evaluate
the effectiveness of thetraining program and ensure that the
participants had detailed knowledge of the sampling
protocols. Members of the spring sampling crew were
required to demonstrate proficiency in techniques for
collecting samples for water chemistry and benthic
macroinvertebrates. At least one member of the summer
sampling crew was required to pass a comprehensive fish
taxonomy examination. Each crew had to demonstrate
proficiency in locating pre-selected stream segments using
the GPS receiver and determining if the segment was
acceptable for sampling. Comprehensive "dry runs' were
conducted to simulate actual field conditions and evaluate
classroom instruction.

Field audits were conducted by the QAO during the field
sampling to assess the adequacy of training, adherence to
sampling protocols, and accuracy of datatranscription. The
audits included evaluation of the preparation and planning
prior to field sampling, stream segment location using GPS
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equipment and assessment of acceptability for sampling,
adherence to sampling protocols, data transcription, and
equi pment mai ntenance and calibration. The QAO madean
independent assessment of habitat at all segments where
field audits were done, approximately 10% of the total
number of sites.

24 STATISTICAL METHODS

Basins sampled in the MBSS were selected in a
probabilistic manner using the lattice design described in
section 2.1, so that the stratified random sample of basins
could be used for developing both statewide and basin-
specific estimates. Within each basin, stream data were
collected from a sratified random sample of stream
segments as described in section 2.1. The study design
allowed for estimation of parameters of interest and
biological characteristics, as described below, including
mean values and percentage of stream miles exhibiting a
characteristic of interest. Because samples were
independent and identically distributed within strata, the
design also allowed for regression and correl ation anal yses.

24.1 EstimatesBased on Stratified Random Sampling
(Statewide or Basinwide Estimates)

The observations (y) for ssgments in the stratified random
sample are used to estimate the parameters of interest (e.g.,
totals, means, proportions, percentiles). The mean for all
stream segments in a basin (across stream order) can be
estimated as a weighted mean of the sample values. The
estimator for the stratified mean of y (e.g., average number
of fish per stream segment) is

Y= Wi, (D

where W,, isthe number of stream miles of order h relative
to thetotal number of stream milesinthebasinandy, isthe
mean of y within stream order h (Cochran 1977). For
example, if there were 348.5 miles of first order streamsin
the Gunpowder basin out of atotal 466.1 first-, second-, and
third-order stream miles, W, would equal 348.5/466.1 or
0.748.

The estimator for the variance of the stratified mean of y
(across stream order) is
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is the sample estimate of the variance in the h-th stream
order, wherey,, isthe value of y for segment i in stratum h
(Cochran 1977), and n,, isthe number of samplesintheh-th
stream order.

The above methods were also used to estimate proportions
of all stream miles in a basin falling in a given category
(e.g., percentage of stream miles in the Upper Potomac
basin with ANC < 0 ueg/l) by introducing an indicator
variable | that takes the value 1 if the observation fallsin
the specified category, and O otherwise. Thestratified mean
(and standard error) of this indicator variable provides an
estimate of the proportion of the population that fallsin the
category of interest. For stratified random sampling,
confidenceintervals were derived from the standard errors
of the stratified estimates, given that the sample sizeswere
large enough for the central limit theorem to apply.

2.4.2 Estimates Based on Simple Random Sampling
(Within One Stream Order Within a Basin)

Within stream order h in abasin, a simple random sample
n, of segments was selected. Estimates of means (e.g.,
mean number of fish per segment) are based onthe ordinary
sample means. 1f 100% capture efficiency is assumed, the
total number or biomass of fish by species is obtained by
extrapolating the mean number of fish per segment (com-
bined total from two passes) to the total stream length. In
section 2.5, amethod is presented for correcting for capture
efficiency based on double-pass el ectrofishing (for details,
see Heimbuch et a. 1997).

For simple random sampling, as was used within a stream
order within a basin, exact confidence intervals for
proportions (or percentages) can be obtained from the
binomial distribution. Assumethat of the n, segments, the
number of samplesfalinginacertain classisB, =sum|,,

where the indicator variable |, takes the value 1 if the
observation fallsin the specified category (e.g., ANC < 0),
and O otherwise. An unbiased estimator of the proportion
of segmentsthat fallsin the classfor the entire stream order
inthe basinis simply

Ph = Bi/ny,
with exact upper and lower confidence limits (Hollander
and Wolfe 1973):

B
B+ (n - B +1) o0 b1 “)

4(n, B) =

Pi(n, B) =1 - P}n, n - B) (5)

where L and U signify the lower and upper confidence
limits, B isthe number of successesinthen Bernoulli trials
andf, ., ., isthe upper yth percentilefor F distribution with
n, degrees of freedom in the numerator and n, degrees of
freedom in the denominator.

2.4.3 Estimation of Biological Characteristics

To estimate biological characteristics for afish population
in abasin (e.g., the size composition of the population of
brook trout), the proportions p of fish faling into size
categories is estimated. Since fish are caught in clusters,
statistical methods based on the assumption that samples of
individualsareindependent, identically distributed, such as
binomial or multinomial distributions for estimating
proportions, are not valid (Brier 1980, Fay 1985, Roland
Thomas and Rao 1987, Skinner et al. 1989). The sampling
unit in the electrofishing survey is the individual stream
segment, and not the individual fish (Pennington and
Volstad 1994). Therefore, a ratio estimator is used for
estimating the proportion of fishwithinaspecific sizegroup
(Cochran 1977). The same method is used to estimate the
proportion of fish with a specific type of anomaly.

For aspeciesof interest, let a; , bethe number of fish caught
at thei-th segment in stream order h fallingin classC (e.g.,
number of smalmouth bass above legal size), and let
pin=ain/yin Where y,, is the total number of fish caught. A
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sample estimate of the proportion p,, falingin classC in
the population in stratum h (Cochran 1977) is

(6)

and an estimate of the variance of p,, is

E ai,2h *thz & 1Yin *thz Yy

nhF(nhfl)

ar(py)= (7

where summation is over all segments (n,,) in stratum h.

Theratio estimator is biased, but the biasis small for large
sample sizes. For small sample sizes (e.g., lessthan 30), a
jackknife estimator would be more efficient (Efron and
Gong 1983, Wu and Deng 1983, Pennington and V @l stad
1994). For estimating the proportion falling in class C of
theentire population of fishinabasin (i.e., acrossall stream
orders), the stratification of stations needs to be taken into
account. Thecombined ratio estimator (Cochran 1977) was
used to estimate proportions of the overall population (py)
inclassC:

w, a
b Yowa, (®)
dYowy,

wherefor the h-th stratum w,, isthe proportion of the stream
length in the stratum, &, is the total number of fish in class
C caught in the stratum, and y,, is the total number of fish
(al classes) caught in the stratum. The variance of pg is
estimated by jackknifing (Saerndal et al. 1992).
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2.5 CAPTURE EFFICIENCY ADJUSTMENT FOR
FISH POPULATION ESTIMATES

Estimates of fish density (number of individuals per stream
mile) and total abundance (number of individuals per basin)
were corrected for capture efficiency using an analytical
technique developed with the 1995 MBSS data. This
method used electrofishing catch data to estimate actual
density and population size based on the rate of declinein
catch per unit effort over the two passes. Typicaly, it is
difficult to make estimates of capture efficiency with a
small number of passes from a single site because of the
likelihood, for some fish species, of collecting on the
second pass an equal or greater number of fish than on the
first pass. To addressthisproblem, thisnew method pooled
samples over multiple stream segments within the same
stream order and basin. Using a modified Seber-LeCren
estimator (Seber 1982, Seber and LeCren 1967), this
technique analytically corrected for bias introduced by
variable probability of captureand minimized biastypicaly
resulting from small sample size. The capture efficiency
adjustment method is described fully in Heimbuch et al.
(1997) and Roth et al. (1997).

2.6 LANDSCAPE ANALYSIS

Land useswithin watersheds upstream of samplesiteswere
derived with a geographic information system (GIS), using
Micro Images (MIPS) and PC Arc Info software.
Watersheds upstream of each sample site were digitized
using topographic lines from digital county topographic
maps (1:62,500 scale). Watershedswere digitized in TNT
MIPS and exportedto PC Arc Info. Thewatershed filewas
then intersected with land use/land cover information from
the Federal Region |ll Multi-Resolution Land
Characteristics (MRLC) digital dataset, Version2 (MRLC
1996a,b). The MRLC was developed by afederal agency
consortium, using data primarily from Landsat 1991-93
Thematic Mapper satelliteimages at aresolution of 30x 30
m pixels. The MRLC classifies land cover into 15
categories (Table 2-4). Using GIS, the area within each
watershed was calculated as was the percentage of area
within each watershed represented by each type of land use.
For some analyses, land uses were collapsed to the
following six classes: water, urban land, agriculture, forest,
wetlands, and barren.



Table2-4.  Land cover classes in the Multi-Resolution Land Characteristics data set for Region |11 (Version 2,
MRLC 19963, b). Percentages given in class definitions should be viewed as guidelines.

Water
Open Water - all areas of open water, generally with less than 25 percent vegetation or other land cover.
Developed Land

Low Intensity Developed - Land includes areas with a mixture of constructed materials and vegetation or
other cover. Constructed materials account for 30-80 percent of the total area. Commonly includes
single-family housing areas, such as suburban neighborhoods.

High Intensity Developed - Includes heavily built-up urban centers and large constructed surfacesin
suburban and rural areas. Vegetation occupies less than 20 percent of the landscape. Constructed
materials account for 80-100 percent of the total area. Examples include apartment complexes,
skyscrapers, shopping centers, factories, industrial complexes, airport runways, and interstate
highways.

Herbaceous Planted / Cultivated

Hay / Pasture/ Grass - Grasses, legumes, or grass-legume mixtures planted for livestock grazing or the
production of seed or hay crops. Also includes golf courses and city parks.

Row Crops - All areas used for the production of crops, such as corn, soybeans, vegetables, tobacco, and
cotton.

Probable Row Crops - Areas of row crop that may be confused with other areas, such as grasslands that
were not green during times of spring data acquisition.

Natural Forested Upland

Deciduous Forest - Areas dominated by trees where 75 percent or more of the tree species shed foliage
seasonally.

Evergreen Forest - Areas dominated by trees where 75 percent or more of the tree species maintain their
leaves all year. Canopy is never without green foliage.

Mixed Forest - Areas dominated by trees where neither deciduous nor evergreen species  represent more
than 75 percent of the cover present.

Wetlands

Woody Wetlands - Areas of forested or shrubland vegetation where the soil or substrateis periodically
saturated with or covered with water as defined by Cowardin et al. (1979).

Emergent Herbaceous Wetlands - Non-woody vascular perennial vegetation where the soil or substrate is
periodically saturated with or covered with water as defined by Cowardin et al.(1979)

Barren

Quarries/ Srip Mines/ Gravel Pits - Areas of extractive mining activities with significant surface
expression.
Coal Mines - Areas dominated by spectrally dark coal pilesand strip mines.

Bare Rock/Sand/Clay - Includes areas of bedrock, desert pavement, scarps, talus, dides, volcanic
material, glacia debris, beach, and other accumulations of rock and/or sand without vegetative cover.

Transitional - Areas dynamically changing from one land cover to another, often because of land use
activities. Examplesinclude forest lands cleared for timber, and may include areas freshly cleared or
in early stages of forest regrowth.
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3ENVIRONMENTAL SETTING

This chapter describes the environmental setting of
Maryland streams. Similar to other statesinthemid-Atlantic
region, Maryland stream environments vary considerably
from east to west and from north to south. Within the
chapter, important features such as geologic history,
climate, physiography, geology and soils, and human
influenceson thelandscape are presented. Thisinformation
provides a useful context for interpreting the condition of
Maryland streams.

31 GEOLOGIC HISTORY

Historical changes in the physical environment are a
primary factor influencing the diversity and distribution of
aquatic species in Maryland streams. The following
discussion describes some events in the past that have
influenced, and in many cases continue to influence,
Maryland stream ecosystems.

3.1.1  Evolution of Drainage Patterns

Chesapeake Bay, thewater body into which most Maryland
streamsdrain, haschanged dramatically over geologictime.
Most streams in the Bay drainage were part of the
Susquehanna River tributary network; some areas such as
the upper Potomac drained to the west. Approximately
20,000 years ago, glacia activity extended down through
New England as far as south-central Pennsylvania. As
glacial activity receded, broad-scae landform erosion
caused shifts in drainage patterns. Over time, the eastern
continental divide shifted considerably westward to its
present location between Grantsville and Frostburg,
Maryland. As each stream was captured by this shifting
continental divide, there were opportunities for interbasin
transfers of aquatic species. At present, the species
assemblages on both sides of the continental divide overlap
considerably, increasing the similarity in community
composition between the western and eastern parts of the
State.

As aresult of glacial and post-glacial landform erosion,
there are two major drainages in Maryland today: the
Chesapeake Bay which emptiesinto the Atlantic Ocean and
the Y oughiogheny River, which ultimately drains to the
north and to the Mississippi River. All but one of the major
river basins in Maryland drain into the Chesapeake Bay
(Figure 2-1). Because these basinsform natural ecological

and aguatic management boundaries, they are the primary
reporting units used for the Maryland Biological Stream
Survey (MBSS or the Survey).

3.1.2 Climatic Changes

Since the time of the last glaciation, a number of climatic
events have occurred that have likely influenced the
distribution of aguatic biota. These include extended
droughts (dry periods covering several decades) in the 13"
and 16" centuries, a uniquely cold and cloudy summer in
the 1800s, and several unusually wet periods. The fauna
that persiststoday iswell adapted to thisrelatively dynamic
environment.

More recently, events such as Hurricane Agnes in 1972
(CRC 1976) and a large snow/rain event in January 1996
havestrongly influenced biological, chemical, and physical
conditions in Maryland (MDNR, unpublished data) and
neighboring Pennsylvania (Hoopes 1975). It is important
that MBSS and other data be interpreted in the context of
such past abiotic conditions, even if the conditions only
persist for weeks or days.

3.2 CLIMATE
3.21 Precipitation

Becauseall flow inMaryland streamsultimately arisesfrom
precipitation, it is an important factor in stream condition.
In Maryland, annual precipitation varies geographically,
averaging between 40 and 50 inches (Figure 3-1). In the
western half of the State, the prevailing winds are from the
west, typically mixing moisture from the south with colder
temperatures from the north. Because of the prevailing
winds and mountain ridges, which create a rainshadow
effect, rain and snowfal is greater in the west and
precipitation tends to be heavier on west-facing slopes. In
the eastern half of the State, prevailing winds are also
westerly but many storm events are also influenced by
moisture from the coast; precipitation patterns reflect that
influence. These precipitation patterns have an obvious
effect on runoff (Figure 3-1), a primary factor in
determining stream characteristics. Because the flow of
water (stream discharge) is one of the critical determinants
of stream habitat quantity and quality, drier portions of the
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Figure 3-1. Precipitation isobar, annual runoff per square mile of watershed area, and mean annual
temperature isobar maps for Maryland (Adapted from Walker 1970)




State should, in general, haveless aquatic habitat than areas
that are wetter.

322 Temperature

Mean annual temperatures in Maryland vary between 48°
and 58°F, with the coldest areas in far western Maryland
and warmest areas near the Chesapeake Bay mainstem
(Figure 3-1). Maryland is situated between 37° and 39°
north latitude and 75° and 79° west longitude; the State is
bounded to the east by the Atlantic Ocean and to the west
by the Allegheny mountains. The presence of the Atlantic
Ocean on the east and the bays and estuaries that line the
Chesapeake Bay toitswest create an “ oceanic” or “insular”
climate on the Eastern Shore. This region of the State
experiences milder winters and hotter summers than other
regions.

Theair temperatureregimefor each region of Maryland has
adirect influence on stream water temperatures, generally
favoring warmwater fauna in streams of the eastern and
southern part of the State, and coldwater faunato the north
and west. The temperature regime can have a dramatic
effect on the diversity of its aquatic assemblages. For
example, Atlantic coastal states north of Maryland have
fewer, but similar numbersof freshwater fish species, while
neighboring Virginia supports more than twice as many
nativefish species (Jenkinsand Burkhead 1993). It appears
that Maryland' s post-glacial temperature regime may have
been dightly colder than the threshold for many of
Virginia's fishes. Such differences in temperature
requirements demonstrate the need to examinelocal aswell
as regional expectations for biological communities. This
is particularly important in areas where temperatures are
marginally acceptable for coldwater communities, because
minor watershed disturbances may dramatically ater these
communities.

3.3 PHYSIOGRAPHY

Maryland extends across five Physiographic Provinces
which parallel the Atlantic Coast from New England south
to the Gulf of Mexico. From east to west, these provinces
are: the Coastal Plain, Piedmont, Blue Ridge, Valley and
Ridge, and Appal achian Plateau (Figure 3-2). Each of these
provinces has characteristics that strongly influence its
constituent streams.

3.3.1 Coastal Plain

TheCoastal Plainisthemost extensive of the Physiographic
Provinces in Maryland. It ranges in elevation from O to
more than 100 meters above sea level; the Eastern Shoreis
relatively flat while the Western Shore is typically rolling
upland with higher elevations. In comparison with the
predominantly slow-moving streams on the Eastern Shore,
Western Shorestreamshavedightly higher stream gradients
and more deeply incised stream channels. One major
difference between the Coastal Plain and the other
Physiographic Provinces in Maryland is the response of
streams to organic enrichment. Because of the lower
gradient and naturally limited capacity to mechanically
aerate the water and replace oxygen lost via biochemical
oxygen demand (BOD), streams in the Coastal Plain more
often tend to become more overenriched than elsewherein
the State.

3.3.2 FallLine

The western boundary of the Coastal Plain is the “Fall
Line’, asinuous, rather poorly defined “line” characterized
by the presence of rapids and waterfalls that mark the
beginning of the Piedmont Province. One major waterfall
and natural migration barrier to many aquatic species is
Great Falls on the Potomac River. The drop in elevation at
Great Falls is approximately 10-15 meters, a height that
most fish cannot climb except during periods of extreme
flooding.

The coincidence of Coastal Plain and Piedmont habitatsin
the vicinity of the Fall Line tends to result in a mixing of
aquatic biota. This mixing typically results in a higher
diversity of biotain the transition zone than in upstream or
downstream communities. Thiseffect should beconsidered
when interpreting data for the Fall Line region.

3.3.3 Piedmont

The Piedmont Province comprises 29 percent of the land
area of the State and extends from its eastern limit at the
Fall Line to the slopes of Catoctin Mountain, where it
borders the Blue Ridge Province. The Piedmont is
characterized by rolling terrain and rather deeply incised
stream valleys. Streams in this province generally have
moderate slopes controlled by bedrock outcrops; however
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steeply sloped areas and waterfalls are not uncommon. The
variety of rock types, differences in resistence to erosion,
and the inherent complexity of physical structure provide
thisregionwith ahighly diversetopography over elevations
from 30to 300 meters. Likethe Coastal Plain, the Piedmont
issubdivided into an eastern and western region, defined by
streamsflowing directly into the Chesapeake Bay and those
that flow into the Potomac River, respectively.

334 BlueRidge

TheBlueRidge Province makesup approximately 5 percent
of the area of the State and extendsfrom Catoctin Mountain
to South Mountain, with abroad valley floor flanked by the
steeper dopes of  Catoctin and South Mountains.
Elevationsin the Blue Ridge range from approximately 30
to 450 meters; stream gradients range from steep on the
mountain slopes to moderate in the valleys.

335 Valley and Ridge

The Valley and Ridge Province is located between South
Mountain and Dans Mountain in western Allegany County.
It comprises about 12 percent of the State and includes the
Great Valley inthe east and the Western Ridgesin the west.
The Great Valley is a broad lowland that averages 150 to
180 metersin elevation, rising gradually from the Potomac
River toward the Pennsylvaniaborder. TheWestern Ridges
consist of numerous northeasterly aligned ridges. Streams
withinthevalleysare moderately sloped and sinuous, while
streams that drain the ridges are often steeply sloped. In
total therangein elevation in this province extends from 60
to 600 meters.

3.3.6 Appalachian Plateau

The Appalachian Plateau is a broad upland region that
extends from Dans Mountain in western Allegany County
through the Maryland-West Virginia border. Elevationin
the Appalachian Plateau generally ranges from 600 to over
900 meters; stream gradients range from steep along ridges
to gentlein some valleys.

34 GEOLOGY AND SOILS

341  Geology

Geology plays a key role in determining the water
chemistry, flow characteristics, and physical structure of

Maryland streams. Using thelithogeochemical classification
system devel oped by the USGS (Peper et al. 1999), therock
types found in Maryland fall into one of four classes:
carbonate, mafic, resistate, and carbonaceous-sulfidic
(Figure 3- 3). Each of these classes influences streamsin
different ways.

Carbonate rocks are found in narrow bands in western
Maryland, occur extensively in centra Maryland, and are
absent from the Coastal Plain. These rocks provide
abundant calcium which tends to increase biological
productivity and buffersthe effects of acidity from sources
such as acidic deposition. Streams flowing through
carbonate rock formations tend to be well-oxygenated and
may have high nitrate levelsin agricultural areas. Ground-
water in carbonate rocks occupi es channel sand cavitiesthat
are usualy small, but may be very large. Movement of
groundwater is usualy rapid and springs are common and
frequently large. The presence of springs in a watershed
tends to counter the effects of droughts and spates because
they create refugiawith relatively constant flows.

Mzafic rocks, which are found along the Fall Line, several
isolated areas of the Piedmont, and portions of the northern
Coastal Plain, aso provide some calcium buffering
capacity. Streams flowing through mafic rock formations
tend to be neutral to dightly acidic and well-oxygenated,
with substrates sub-oxic to reducing in places. Groundwater
in mafic rocks occupies small cracks and fissures.
Groundwater movement is slow and springs are rare and
usually small.

Resistate rocks are found throughout the State, but are
especialy prevalent in the Piedmont and dominant in the
Coastal Plain, and provide little acid-neutralizing capacity.
Streams flowing through resistate rock formations tend to
be well-oxygenated, but clay-rich rock and sediment is
common. Groundwater in resistate rocks occupies small
cracks and fissures, moves slowly, and rarely creates
springs which are usualy small. In the Coastal Plain,
groundwater occupies space between particles and
movement is slow to moderately rapid.

Carbonaceous-sulfidic rocks, the predominant rock typein
the Ridge and Valley and Appalachian Plateau provinces,
are associated with historical bog, marsh, or swamp
deposits. Streams flowing through this rock formation are
reported to be acidic to neutral, to be abundant in dissolved
organic carbon and iron, to possess low nitrate levels, and
to often have low DO levels. Groundwater in
carbonaceous-sulfidic rocks occupies small cracks and
fissures, movesslowly, and rarely creates springswhich are
usualy small.
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EXPLANATION OF MAP UNITS
L SEDIMENTARY ROCKS AND THEIR METAMORPIC EQUIVALENTS
———— Carbonate-rich rocks (acid neutralizing and soluble, forms thin alkaline clay soils)
B 11: limestone, dolomite, limestone-pebble conglomerate; includes calcareous
mudstones
] 12: marble and some calc-silicate rock

———— Siliciclastic sedimentary rocks (moderately acid-neutralizing (cs) to reducing-acidic (g), bedded
and permeable, forms neutral to slightly acid soils)

21cs: calcareous, locally sulfidic, gray mudstone

!:1 22: sandstone and interbedded sandstone and conglomerate; minor carbonate
cement; may contain mudstone

[ 23s: carbonaceous, graphitic, or sulfidic slate and shale

24s: coal beds and zones containing abundant coal beds
—————— Metamorphosed clastic sedimentary rocks; includes some metavolcanic
layers (moderately acid-neutralizing (c) to acidic (s), recrystallized and foliated,
forms neutral to slightly acid soils)
[ 31s: graphitic and sulfidic slate; includes some metagraywacke
[ | 32: pelitic schist and phyllite; locally quartzofeldspathic
32s: sulfidic schist and minor quartzofeldspathic schist
32c: calcareous schist and gneiss
33: metasandstone, quartzite, quartz granofels, and gneiss; locally schistose

34: coarse-grained felsic gneiss locally contains schist and amphibolite;
typa.callymdledmgtamhcomnpcmentshkeumtél

IL IGNEOUS ROCKS AND THEIR METAMORFHIC EQUIVALENTS

Mafic igneous rocks and their metamorphic equivalents (moderately acid-neutralizing,
massive, has interlocking grains, forms smectitic clay soils)

mafic rocks with dispersed
41: hornblende-plagioclase amphibolite

42: mafic volcanic rocks mixed with lesser felsic volcanics and clastic
rocks; metadiamictite, schist-matrix melange

- 43: massive, mafic plutonic rocks; includes diorite, gabbro, monzodiorite,
diabase, and basalt

————— Ultramafic rocks

m 41c: grewstome,gremschmtfamesmmhasah,schmwsememmmphosed
carbonate
B

- 50c¢: metamorphosed ultramafic rocks; includes ultramafic melanges,
serpentinite, tremolite-talc schist; includes minor carbonate soils

Figure 3-3. Cont'd
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EXPLANATION OF MAP UNITS

Felsic igneous rocks and their metamorphic equivalents (forms neutral to moderately
acidic, sandy soils)

|:| 61: granitoid plutonic rocks; includes granite, quartz monzonite,
granodiorite, tonalite, trondhjemite, and equivalent gneiss

61v: fine-grained felsic rocks (volcanic and shallow plutonic);
cryptocrystalline to very fine-grained

D 62: gmrtz—p:g plutonic rocks, includes syenite, quartz-syenite, nepheline

I1L. UNCONSOLIDATED SEDIMENTS (primary porosity is high)
[ | 73: mudand clay (>15% clay and silt size particles)

E 74: quartz silt, sand, and gravel; weathered residuum from which iron and
carbonate have been removed

E 75: organic-rich deposits, including peat
| 76: mixtures of 73, 74, 75
e -rich sediment

[__] 77: greensand, silty in places; magnetite and ferroilmenite beach sand;
bog iron ore

CARBON-RICH SOILS (From U.S. Department of Agriculture, 1994)
Y 11,000 - 17,199 g/square meter total soil carbon
777} > 17,199 glsquare meter total soil carbon

MINERAIL DEPOSIT (From USGS, National Mineral Resource Database)

|

+ | sulfide deposit

Figure 3-3. Cont'd



342 Soils

Soils play a key role in the formation and maintenance of
stream channels. Inareasof high soil erodibility, the effects
of watershed disturbance (such asloss of riparian buffers)
areusually more pronounced. In Maryland, most soilshave
high or moderately high erodibility (Figure 3-4). In the
western half of the State, erodibility isrelatively comparable
among watersheds. |n contrast, erodibility ishighly variable
in the eastern portion of the State, potentially producing
differences in degradation from the same degree of
watershed perturbation.

35 HUMAN INFLUENCES

The influence of human activities extends to every stream
and watershed in Maryland. Because virtualy no pre-
European records of Maryland streams exist and few more
modern records survive, statements about ecological status
must be made largely in the context of present day
conditions. In this section, we present an overview of
historical and present human influence on Maryland's
streams and watersheds.

35.1 Forestsand Forest Practices

In 1634, when Lord Calvert first arrived in Maryland, the
State was nearly 95% forested (Besley 1916). Today,
forests occupy only about 44% of the land area of
Maryland, with the largest blocks of contiguous forest in
western Maryland (Figure 3-5). More dramatic is the fact
that only about 80 acres of old growth (not previously
logged) forest exists today; thisincludes a 40 acre stand of
eastern hemlock along a steep dlope adjoining the
Y oughiogheny River and a 40 acre mixed hardwood stand
in Belt Woods near the town of Bowie.

Even where forests have regrown, many are managed for
timber production, causing more subtle but still substantial
adverse effects on streams. The negative effects of many
logging practices on stream water quality, temperature,
erosion rates, evapotranspiration, and hydrology are well
documented in the scientific literature (Hunter 1990,
Murphy 1995); the loss of wood naturaly falling into
stream channels, however, has not been well documented
(Masser and Sedell 1994). Both historical and modern
forestry management has viewed the senescence and death
of treesaswasteful and potentially harmful to forest health.
For these reasons, forest practices rarely alow any large
woody debris to enter streams. As a result, virtually no
stream in Maryland has the abundance of large woody

debris that likely existed before European settlement.
Because wood in streams creates important habitat for
organisms, aters channel morphology and bank erosion
rates, and hel ps sequester or delay the downstream passage
of nutrients, the loss of woody debris has been and
continues to be a major influence on stream condition in
Maryland.

3.5.2 Agricultureand Urbanization

Early settlerswere drawn to Maryland by its diverse natural
resources. Theregion providedfavorablesoils, topography,
and climate for agriculture (especially tobacco), as well as
natural harbors and waterways to facilitate the transport of
goods, services, and people. By the early 1700s, European
settlement wasextensive, and an el aborate system of ditches
was created to drain wetlands for agricultural use. The
burgeoning economy led to the devel opment of more urban
centers and by 1776 the cities of Annapolis, Baltimore,
Frederick, and Hagerstown had been established. Water-
bornediseases, including malaria, yellow fever, and cholera
were prominent in urban areas where raw sewage
accumulated in open ditches and contaminated waterways.
In addition to human health hazards, the quality of the
region's rivers and bays deteriorated. Deforestation
hastened erosion and increased sedimentation of the Bay’s
tributaries. Several tobacco ports, including Joppatowne,
Port Tobacco, and Upper Marlboro were closed aschannels
filled with sediment and became unnavigable. It should be
noted that each ton of sediment from overland runoff can
destabilize stream channel sand generate many moretons of
sediment from increased streambank erosion (Rosgen
1996).

The 19" and early 20" centuries wrought numerous other
changesto stream resources. Withtheadvent of larger farm
machinery during the Industrial Revolution, hedgerowsand
stream buffers were removed to increase efficiency and
productivity. As a result, surface runoff and sediment
loading to streamsincreased and stream conditions further
deteriorated. Thislong history of exploiting theland left an
imprint of the character of streams even after the 1960s,
when soil erosion control practices on agricultural and
urban lands first began reducing the amount of sediment
entering into Maryland streams.

Agriculture has also had an effect on water chemistry in
Maryland streams. As the agriculture industry grew and
matured, increasing amounts of nutrients were added to
fieldsto boost productivity. Today, nitrogen concentrations
in streams are elevated in most areas of the State and
phosphorous concentrations are high near large poultry and
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Figure 3-4. Soil erodibility map of Maryland (MDNR, Watershed Management and Analysis Division)
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hog production operations. In addition, limestone is
routinely applied to cropland, especially on the calcium-
poor Coastal Plain. Theaddition of nutrientsand limestone
has affected the metabolism and productivity of many of
Maryland's streams; in many cases, it has altered the
biological community aswell. For example, the addition of
buffering capacity vialimestone applicationson the Coastal
Plain has probably reduced the popul ations of acid-tolerant
endemi c speci es(asthey are out-competed by acid-sensitive
invaders).

After World War 11, anew type of development, suburbs,
arose on the outskirts of citiesin Maryland and elsewhere
as citizens sought to escape from the urban lifestyle. Over
time, agricultural and forested lands adjacent to citieswere
converted to suburban housing andindustries, creating more
and more impervious surfaces. This development was
accompanied by anetwork of roads (Figure 3-6). Although
road density is highest in the Baltimore-Washington
corridor, there are essentially no roadless watersheds in
Maryland. In addition to providing a conduit for rapid
stormwater runoff into streams, many roads also ater
channel morphology or create barriers to fish migration.

At present, the density of humansin Maryland is about 1.3
people per acre (USCOM 1992) . Population density is
greatest around the Baltimore-Washington metropolitan
area, and lowest in western Maryland and most portions of
the Eastern Shore (Figure 3-7). In general, the higher the
human population density, the greater the ecological
impactson streamsand stream communities. Theseimpacts
include increased dumping of contaminants, increased risk
of toxic spills, increased effects of motor vehicle operation,
increased likelihood of channelization and piping of
streams, and more rapid stormwater runoff.

353 Fur Trade

One of the first impacts to Maryland streams during
European colonization was the extirpation of the beaver
population from the State. Formerly abundant, beavers
altered stream ecosystems by raising water tables, trapping
nutrients, altering channel morphology and gradient,
creating openings in the forest, and adding woody debris.
As beavers were eliminated, stream channels became less
sinuous and habitat diversity was reduced. Today,
reintroductions and areduced demand for fur have resulted
in a resurgence of beaver in many areas of the State;
nonethel ess, beaver densities are still well below historical
levels.

3-12

354 Mining

With the advent of the Industrial Revolution, there was a
new demand for raw materials for building and energy in
Maryland. Sand, gravel, and rock quarries (many along
streams and rivers) sprang up to fill the need; today there
aremany such facilities acrossthe State. In most cases, the
alteration of stream habitats has been relatively localized.
However, the mining of coal inthe Appalachian Plateau has
had a pronounced effect on streamsin that region. In 1929,
runoff of water used to fight afirein agob pile (coal mine
tailings) at Crellin, West Virginia, destroyedvirtually al life
in the Y oughiogheny River for aslong as 40 years (Powell
1967). In streams of the North Branch of the Potomac
River, acid mine drainage (AMD), primarily from
abandoned deep mines, has created a legacy of severe
impairment in anumber of streams aswell asthe mainstem
river. To treat the problem, calcium is being added via
automated dosersin several locations; the mitigative effects
of mechanical dosers, however, ceasewhenfundsto operate
them arewithdrawn. Theimpairment associated with AMD
includes cementing of substrates, addition of fine sediment,
high levels of heavy metals, and low pH.

355 Air Impacts

Asthepopulation andindustrial base of Maryland and other
statesin the region has expanded, so too hasthe use of coal
and petroleum products for energy. As a consequence of
combustion, nitrogen and sulfur oxidesarereleased into the
atmosphere. Because Maryland issituated within the“belt
of prevailing westerlies,” atmospheric pollution is
transported to the Statefromthe Midwest. For example, the
Chesapeake Bay airshed is much larger than its watershed
and includes parts of twelve states (Figure 3-8). Whilethe
deposition of atmospheric contaminants such as acid
deposition across Maryland isrelatively even (Bartoshesky
et a. 1987), the effects on streams vary considerably by
physiographic region according to the natura buffering
capacity of the soils. The Coastal Plain, portions of the
Blue Ridge and Piedmont, and Appalachian Plateau are
sensitive to acidic deposition. In contrast, most of the
Piedmont, the remaining portions of the Blue Ridge, and
Valley and Ridge provinces are well buffered and resistant
to acidification.

356 Water Impacts

Asthe pace of colonization and development of theland in
Maryland increased, the streamsand riversof the Statewere
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increasingly utilized for power, drinking water, and other
uses. Today, more than 1,000 man-made barriers to fish
movement are known to exist in areas potentially used by
migratory species, theremay bemany morebarriersin areas
above where migration is currently possible (Figure 3-9).
These barriers have restricted the abundance and
distribution of aquatic species such as the American e€l,
once a dominant stream fish in many basins of the State.
The loss of migratory species from local aguatic
communities needs to be considered when devel oping and
applying indicators of biological integrity for streams.

In addition to intentional and unintentional blockages to
stream passage, stream channels have been converted into
conduits for flood transport in Maryland’'s urban aress,
especialy the Baltimore-Washington metropolitan area.
Typically, natural streams are transformed into concrete
trapezoidsto speed the flow of flood waters; these artificial
channels provide essentialy no useable habitat for aquatic
organisms.

With increases in human population density, the
consumptive and hon-consumptive uses of water have also
grown. In many areas of the State, declining well levels
indicate that consumption rates may be exceeding recharge
rates (USGS 1996), potentially reducing streamflows as
well. Many streams have unpermitted water withdrawal
systems on them; such water withdrawals during low flow
conditions in the summer frequently result in increased
water temperatures and less physical habitat available to
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organisms. In addition, higher levels of imperviousnessin
Maryland’ swatershedshavereduced groundwater recharge
viainfiltration. Thisphenomenonisespecially pronounced
in urban areas and often resultsin substantial reductionsin
habitat quantity and quality.

3.5.7 Summary of Human Influences

As described above, stream conditions in Maryland have
been greatly influenced by both natural and human-induced
changes to the environment. In addition to accounting for
the natural variation among regiona and local settings, an
accurate assessment of Maryland streams needsto consider
that even areas with little human activity today may have
been dramatically influenced by historical impacts. Indeed,
because of diffuse effectssuch asacidic deposition, notruly
pristine streams exist in Maryland today. The fact that all
the landscapes in the State have been modified from their
natural condition should be kept in mind when evaluating
datainthisreport; it isespecially important when ng
stream condition using reference-based indicators. The
history of human influences on Maryland streams sets
obvious limits on the number of high quality streams that
can be preserved and thelevel of integrity towhich they can
be restored. Therefore, it is critical that natural resource
managers develop an appropriate vision of desired
conditionsfor Maryland streams and view the results of the
Survey in that context.
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Figure 3-9. Map of dams and other barriersto fish migration in Maryland (Maryland Department of Natural Resources Fisheries Service, unpublished data)



4 CHARACTERIZATION OF BIOLOGICAL RESOURCES

This section highlights the overall results of biological
sampling conducted at first- through third-order, non-tidal
streams sampled in the statewide 1995-1997 Maryland
Biological Stream Survey (MBSS or the Survey). The
abundance and diversity of fish species are presented,
including a specia focus on gamefish and an evaluation of
fish health reflected by observed anomalies. This section
also includes general information on benthic
macroinvertebrates, amphibians and reptiles, mussels, and
aguatic vegetation.

Theprobability-based sampling design of the Survey allows
parameters of interest, such as fish abundance, to be
estimated on either a basinwide or statewide basis. This
section reports statewide estimates based on sites sampled
in the three-year Survey. Selected basin results have been
included as highlights to the discussion. Other basin-
specific estimates are reported in separate reports for the
basins sampled in 1995 (Roth et al. 1997, Appendix F),
1996 (Roth et a. 1998, Appendix E), and 1997 (Roth et al.
1999). The Survey was designed so that the number of
sites is proportiona to the number of stream miles (by
stream order) in abasin (Appendix B, TablesB-1 and B-2).
Although a sufficient number of sites were sampled per
basin, basin estimatesfromthe smaller basins(including the
Bush, Elk, Choptank, and Nanticoke/Wicomico) are more
sensitive to the influence of extreme values at one or two
sites compared to larger basins. Here, and throughout the
report, standard errors are provided as a measure of the
variability of the estimates.

4.1 FISH
4.1.1 Fish Abundance, Biomass, and Species Richness

Throughout the three years of core MBSS sampling using
the stratified random sampling design, 83 fish specieswere
collected at the 905 segments sampled during the summer;
two additional species were collected at supplemental
qualitative electrofishing sites. Thetotal number of species
collected was 85 (Table 4-1; Appendix C, Table C-1).
These represent 72% of the total number of freshwater fish
species occurring in Maryland (Lee et al. 1981). A list of
freshwater fish species historically or currently known to
occur in Maryland, but not recorded in the Survey, is
included in Appendix C, Table C-2.

Most species were collected in the Patuxent basin (57
species at core MBSS and supplemental sites combined).
The lowest number occurred in the Youghiogheny and
Nanti coke/Wicomico basins (28 species). Thetotal number
of speciesin each of the other basins ranged from 29 to 54
(Table 4-2).

Three species had widespread distributions, occurringinall
basins sampled. These species, dl in the family
Centrarchidae, are the bluegill (Lepomis macrochirus),
largemouth bass(Micropter ussalmoides), and pumpkinseed
(Lepomis gibbosus). Five additional species occurred in
every basin but one. Six speciesoccurredinonly onebasin:
the longnose gar (Lepisosteus osseus), striped shiner
(Luxilus chrysocephalus), shorthead redhorse (Moxostoma
macr ol epidotum), flier (Centrarchus macropterus), johnny
darter (Etheostoma nigrum), and stripeback darter (Percina
notogramma). Two species were found only in non-
randomly sel ected supplementa sampling sites: the Atlantic
menhaden (Brevoortia tyrannus) and banded darter
(Etheostoma zonale).

Among the fish collected in the Survey were severa
occurrences not often reported in Maryland. Checkered
sculpin (Cottus sp. nov.), an undescribed species endemic
to Maryland, were found at one second-order site in the
MiddlePotomac basin andin several first- and second-order
sites in the Upper Potomac basin.  Cutthroat trout
(Oncorhynchus clarki), native to the Rocky Mountains but
recently introduced into Maryland, were found at three
third-order sitesin the North Branch Potomac basin and one
second-order site in the Patapsco basin. In addition, six
specieslisted by the Maryland DNR Wildlife and Heritage
Division asrarewere collected: mud sunfish (Acantharcus
pomotis), ironcolor shiner (Notropis chalybaeus), logperch
(Percina caprodes), flier, glassy darter (Etheostoma
vitreum), and stripeback darter. See Chapter 12 for further
discussion of rare species.

Thenumber of speciesper 75-m segment varied throughout
the basins (Figure 4-1, Table 4-2). Mean per-segment
species richness was generally highest in the basins of the
eastern and central portions of the state, with ahigh of 12.8
inthe Elk basin. Incomparison, lower speciesrichnesswas
reported in the higher-elevation streams of western
Maryland, where the mean number of fish species per
segment was 3.7 in the North Branch Potomac basin,



Table 4-1. Fish speciesfound at core MBSS and Supplemental sites, b
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Fish Family

Fish Species

Notes

Auayboiybno A

JeWwo10d youe g YiJoN

Jewolod seddn

2ewolod a|pp! A

018 |\l UoJBUIUSE \\ JeW010d

JewWol0d oMo

exNTed

aeadesayd 19/

oosdered

Jpmodung

usng
euueyanbsng

ME!

YR

yueidoyd

00IWOD I\ EX0D 1IUBN

90WO0I0d

Lampreys: Petromyzontidae

American brook lamprey

L east brook lamprey

Sealamprey

XXX

X[>

XXX

X[>

X[>

Gars: L episosteidae

L ongnose gar

Freshwater Eels. Anguillidae

American eel

X

X

X

Herrings: Clupeidae

Atlantic menhaden

n|X

Gizzard shad

Pikes: Esocidae

Chain pickerel

X

Redfin pickerel

Mudminnows. Umbridae

Eastern mudminnow

XXX

XXX

XXX

Minnows: Cyprinidae

Blacknose dace

XXX X

XIXPX]X]X

XXX X

XXX X

Bluntnose minnow

Central stoneroller

XXX

XXX XX XX

XXX

XXX

Comely shiner

Common carp

Common shiner

Creek chub

X|X|wn

Cutlips minnow

Eastern silvery minnow

Xl IXIX[X|»n

Fallfish

XIXIXIXPX|:oX] XX X]»n

Fathead minnow

XIX| XXX

Golden shiner

wn

n|n|X|X XXX XXX
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Goldfish

Ironcolor shiner

Xl | XXX

L ongnose dace

X

X

X

X

X

Pear| dace

River chub

X

Rosyface shiner

Rosyside dace

Xl X

Xl XXX

Satinfin shiner

XX

XIX|X|*

XIX|X|*

XIX|X|*

Silverjaw minnow

XXX XX

XXX

XXX X

wn| XX
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Fish Family Fish Species Notes %
Minnows: Cyprinidae (cont’ d) Spotfin shiner XX ]|X]X X X
Spottail shiner SIX|IXIX[X[X]|X]X[S|[S|X]|X[X S
Striped shiner X
Swallowtail shiner XXX |IXIX[I[X]X|IX]X[X]X]X X
Suckers: Catostomidae Creek chubsucker XXX ]IX[X[X]X]X X S[IX|X]|X]X
Golden redhorse X]S]|S
Northern hogsucker XXX ]IX]X X XXX ]IX]X
Shorthead redhorse X
White sucker XX |IX]IX[X[X]X]X[X[X]X]X]X[X]X
Catfishes: Ictaluridae Brown bullhead X [ X XIXIXIXIX[X[S|IX|X[S[X]|X]|X]X
Channel catfish ic S| X S S X
Margined madtom iy XIS[X XXX XXX |IX]IX[X]X]|X]X
Tadpole madtom X [ X SIX|X]|X] X
White catfish iy X S S X
Y ellow bullhead XX |X]IX[X[X]X X | X X S[X|X]X
Trouts: Salmonidae Brook trout g X|IX]S|X X | X X
Brown trout g, XXX ]IX]X X X [ X X [ X
Cutthroat trout g, X]S X
Rainbow trout g, XXX ]IX]X X[IXIXIX|X]S|X
Pirate Perches. Aphredoderidae Pirate perch X | X XX |IX] X
Killifishes: Fundulidae Banded killifish SIX|X]|X|S X X [ X |X S
Mummichog X]IS|IX|X[X]|S X X
Livebearers. Poeciliidae Mosqguitofish X[X]IX]IX]|X]S S X | X
Sculpins: Cottidae Checkered sculpin X | X
Mottled sculpin XX | X]X[X X XX | X]X[X X
Potomac sculpin XXX ]|X
Striped Basses. Moronidae Striped bass g S X X
White perch S[{X]S]|S S[S|X S| X
Sunfishes: Centrarchidae Banded sunfish X S X
Black crappie ic X XXX ]|X XXX X
Bluegill ic XAIXIXIXIX X IXIXIXIX XXX IXIXIX]X
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Sunfishes: Centrarchidae (cont’d) | Bluespotted sunfish XXX X SIX|X]|X] X
Hier X
Green sunfish ic XX |IX]IX[X[X]X]X[X[X]X]X X
L argemouth bass ic,g [ XX |IXIX[X[X]X]|IX[X[X]X]X[X[X]|X]X]X
Longear sunfish ic S[X X
Mud sunfish S[{X|X]X
Pumpkinseed iy XX |IXIX[X[X]X]IX[X[S|X]|X[X[X]X]X]X
Redbreast sunfish iy XIXIXIXIX[[X[X]X]IX[X][X]X]X[X]|X] X
Rock bass ic XX | X]X[X X | X X
Smallmouth bass icg | X|X[|X]|X][X X XX |IX]X|[X
Warmouth X | X
Perches: Percidae Banded darter i S
Fantail darter XX ]X]X X
Glassy darter X X | X
Greenside darter XX ]|X]X
Johnny darter X
L ogperch X [ X
Rainbow darter X]S
Shield darter X X X X
Stripeback darter X
Swamp darter X XX |IX] X
Tessellated darter SISIXIX[X[X|IXIX[X]X]|X]|X[X]X]|X]X
Y ellow perch iy X [ X XXX ]X SISIX|X]|X] X

Notes:
X - Indicates that the species was caught at arandom MBSS site
S - Indicatesthat the species was caught at a non-random supplemental site
d - Diadromous
g - Gamefish
i - Introduced
ic - Introduced to the Chesapeake drainage only
iv_-_Introduced to the Y oughiogheny drainage only




Table 4-2. Fish speciesrichness for basins sampled in the 1995-1997 MBSS
Number of Species Mean Number of Standard
Collected in Basin* Species per Segment Error
Basin
Y oughiogheny 28 5.2 0.7
North Branch Potomac 41 37 0.4
Upper Potomac 49 4.5 0.5
Middle Potomac 50 8.6 0.7
Potomac Washington Metro 54 9.3 0.8
Lower Potomac 43 8.1 1.0
Patuxent 57 84 0.6
West Chesapeake 29 3.7 0.8
Patapsco 52 8.6 0.8
Gunpowder 39 8.3 0.9
Bush 38 11.0 19
Susquehanna 43 9.6 11
Elk 42 12.8 2.6
Chester 37 8.6 14
Choptank 30 124 23
Nanticoke/Wicomico 28 8.4 18
Pocomoke 32 10.7 22
Stream Order
1 57 5.8 10
2 75 10.9 13
3 79 15.0 16
All 85 1.7 1.0
* Includes species collected at core MBSS and supplemental sites

reflecting natural differences due to geography and stream
size, aswell asimpactsof acid minedrainage. Aswould be
expected, species richness increased with stream order
across al basins (Figure 4-2), with an average of 5.8 fish
speciesper segment for first-order streams, 10.9 for second-
order, and 15.0 for third-order streams.

Statewide density and abundance estimatesare presented for
each game and nongame fish species (Appendix E, Tables
E-3 and E-4). The total catch from two electrofishing
passeswas used al ong with thetotal number of streammiles

in the basin (by stream order) to estimate density of each
species as the number of individuals per stream mile. Raw
densitieswerethen adjusted for the capture efficiency of the
double-pass el ectrofishing method (Heimbuch et a. 1997).
Adjusted densities were used to estimate adjusted total
abundance, the number of individuals per basin, for each
species. All abundance values reported here have been
adjusted for capture efficiency.

Statewide, the most abundant stream fishes were (1)
blacknose dace (Rhinichthys atratulus), estimated at 1,970
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Figure4-1. Per-segment fish speciesrichness (mean number of speciesper 75-m segment), statewide and

for basins sampled in the 1995-1997 MBSS. Error bars signify +1 standard error.
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Figure 4-2.

Per-segment fish species richness (mean number of species per 75-m segment),

by stream order, for the 1995-1997 MBSS. Error barssignify +1 standard error.

individuals per stream mile and nearly 11.6 million
individuals statewide, and (2) mottled sculpin (Cottus
bairdi), estimated at 1,370 individuals per stream mile and
nearly 8.1 millionindividualsstatewide. Themost abundant
gamefish species were (1) brook trout (Salvelinus
fontinalis), with an estimated 54 individual sper stream mile
and nearly 318,000 individuals statewide and (2)
largemouth bass, with an estimated 53 individuals per
stream mile and more than 311,000 individual s statewide.

Combining al species, mean fish density was estimated at
10,325 individuals per stream mile. Densities were also
compared across al 17 basins and three stream orders
(Figures4-3and 4-4; Table4-3). Density waslowestinthe
North Branch Potomac, with an estimated 2,633 fish per
stream mile. Density estimatesin other basinsranged from
3,299 t0 15,099 fish per stream mile. Densitieswere higher
in second- and third- order streams (16,556 and 22,040

individual sper stream mile, respectively), and lower infirst-
order streams (6,821 individuals per stream mile).

Statewide, an estimated 4% of stream miles had no fish.
Because many streams that drain small watersheds may
naturally contain no fish, this estimate excluded stream
miles located in watersheds of less than 300 acres (Roth et
al. 1998; Figure 4-5). Seven basins contain stream miles
with no fish in watersheds that are greater than 300 acres:
the'Y oughiogheny (1997 sampling), North Branch Potomac,
Upper Potomac, Middle Potomac, Patapsco (1996
sampling), Chester, and Pocomoke basins.

Fish biomass estimates (kilograms per stream mile) were
derived from the aggregate weights of game and nongame
fish species. Because adjustment for capture efficiency
depends on datafor individual species, no such adjustment
was made for biomass estimates. To accurately calculate
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Fish Density by Stream Order
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Fish density (number of individuals per stream mile) by stream order, for the 1995-1997 MBSS. Error

bars signify +1 standard error (lack of error bars indicate that variance is statistically undefined).
Density estimates are adjusted for capture efficiency.

biomass adjusted for capture efficiency, actual biomass
would need to be measured for each species individually.
Size selectivity of the electrofishing gear may also bias
biomass estimates.

Statewide, biomasswas approximately 44.2 kg/streammile.
Biomass estimates ranged from about 18.0 kg per stream
mile in the North Branch Potomac basin to 119 kg per
stream mile in the Elk basin (Figure 4-6, Table 4-4). As
would be expected, mean biomass was greater in second
and third order streams (about 73.8 and 125.0 kg per stream
mile, respectively) thaninfirst order streams(about 24.1 kg
per stream mile; Table 4-4).

4.1.2 Gamefish

The distributions of gamefish species varied across the
state, aswould be expected given physiographi c differences
in aquatic habitat (Table 4-1). Largemouth bass had the
most widespread distribution, occurring in al basins.

Smallmouth bass (Micropterus dolomieu) were present in
11 of the sampled basins. Striped bass (Morone saxatilis)
were found at three Coastal Plain sites. Brook trout were
found in seven of the basins, brown trout (Salmo trutta)
were more widespread, occurring in ten basins.  Rainbow
trout (Oncorhynchus mykiss), a widely stocked species,
were found in small numbers in 12 basins, while a few
cutthroat trout (a recent introduction to Maryland) were
found in the North Branch Potomac, Upper Potomac, and
Patapsco basins.

The brook trout is an important native gamefish in
Maryland streams (the other gamefish discussed above are
introduced throughout most of their range in Maryland).
Differencesin density of brook trout were detected among
basins and across stream orders (Figures 4-7 and 4-8).
Statewide, the estimated density of brook trout is 54
individuals per stream mile. The 1997 sampling of the
Y oughiogheny basin had the greatest number of brook trout
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Table4-3.  Estimated density (number of individuals per stream mile) for all fish (nongame fish and gamefish), for basins sampled in tH
1995-1997 MBSS. Densities are adjusted for capture efficiency.
Total Fish Standard Nongame Fish Standard Gamefish Density Standard
Density Error Density Error Error

Basin
Y oughiogheny 1995 8501.5 1336.2 8325.9 1339.6 175.6 53.3
Y oughiogheny 1997 4478.3 702.9 4062.0 710.1 416.3 91.0
North Branch Potomac 2632.9 606.0 25394 607.5 934 27.9
Upper Potomac 6823.7 2204.0 6798.4 2203.6 25.3 7.9
Middle Potomac 77904 2648.1 7759.9 2647.9 304 12.5
Potomac Washington Metro 7073.3 710.0 7059.5 708.0 13.8 7.2
Lower Potomac 5158.8 517.0 5106.4 516.3 524 28.5
Patuxent 6481.1 845.9 6371.9 849.2 109.3 61.9
West Chesapeake 3299.0 6444.4 3155.5 6442.0 143.4 139.4
Patapsco 1995 14318.9 1849.5 14176.8 1850.1 142.1 47.5
Patapsco 1996 7372.3 1416.6 7188.6 1349.6 183.7 439.6
Gunpowder 6845.4 947.8 6581.3 951.4 264.0 68.7
Bush 8833.8 1246.1 8797.4 1247.4 36.0 17.4
Susguehanna 13353.0 1962.8 13072.7 1947.3 280.4 121.2
Elk 10303.9 2761.7 10231.7 2767.2 72.2 31.6
Chester 6830.2 883.1 6577.2 786.4 253.1 284.4
Choptank 1996 9706.4 3001.0 9660.0 3007.8 46.4 21.0
Choptank 1997 15099.2 8054.4 14910.3 8053.6 188.9 79.6
Nanticoke/Wicomico 5184.0 953.7 5152.6 958.3 315 39.8
Pocomoke 10698.6 2751.5 10694.4 2751.4 4.1 17

Stream Order
1 6820.6 3870.7 6718.4 3815.4 102.2 62.7
2 16555.5 9500 16345.1 9590.1 201.2 121.1
3 22040.2 * 21601.2 * 438.6 *
Statewide 10324.9 5127.9 10169.5 5055.1 1554 83.6

*\ ariance statistically undefined
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Figure 4-5. Estimated percentage of stream miles with no fish, statewide and for basins sampled in the
1995-1997 MBSS. Sites with watersheds < 300 acres were excluded from these estimates.
Error bars signify +1 standard error.

4-11



Fish Biomass by Basin
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Figure 4-6. Fish biomass (kg per stream mile), statewide and for basins sampled in the 1995-1997 MBSS. Error bars
signify +1 standard error. Biomass estimates are not adjusted for capture efficiency.
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Table4-4.  Estimated biomass (kg/stream mile) for al fish (nongame fish, and gamefish), for basins sampled in the 1995-1997 MBSS.
Estimates are not adjusted for capture efficiency.

Total Fish Standard Nongame Fish Standard Gamefish Standard
Biomass Error Biomass Error Biomass Error
Basin
Y oughiogheny 1995 33.8 6.5 29.0 6.0 4.8 2.7
Y oughiogheny 1997 27.7 5.4 19.9 4.6 7.8 2.7
North Branch Potomac 18.0 3.4 13.4 3.1 4.6 15
Upper Potomac 41.3 10.1 39.3 9.7 2.1 0.6
Middle Potomac 414 4.2 40.1 4.1 1.3 0.4
Potomac Washington Metro 45.6 7.4 45.0 7.4 0.7 0.3
Lower Potomac 27.0 5.4 255 51 15 1.0
Patuxent 34.6 4.1 32.7 4.0 2.0 0.7
West Chesapeake 215 16.7 21.1 16.4 0.4 0.3
Patapsco 1995 54.6 6.7 50.2 6.4 4.4 1.3
Patapsco 1996 38.4 5.7 35.7 54 2.7 0.7
Gunpowder 43.6 6.4 38.8 6.3 4.8 1.8
Bush 82.9 13.7 80.8 13.3 2.0 14
Susguehanna 114.9 19.1 108.5 18.7 6.3 2.6
Elk 119.1 41.6 103.7 36.9 154 23.8
Chester 38.9 11.6 36.4 11.3 25 10.2
Choptank 1996 67.8 12.1 65.8 12.3 2.1 1.8
Choptank 1997 815 70.6 75.6 61.0 5.9 9.8
Nanticoke/Wicomico 27.5 9.3 25.0 8.2 25 19
Pocomoke 52.9 19.1 52.7 19.1 0.2 0.2
Stream Order

1 24.1 6.2 22.5 5.4 1.6 19
2 73.8 134 69.5 134 4.3 2.4
3 124.7 23.1 113.6 23.2 11.0 5.2
Statewide 44.2 4.8 411.9 4.9 3.1 1.6

€TV
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Density of Brook Trout by Basin
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Figure 4-7. Density (number of individuals per stream mile) of brook trout (Salvelinus fontinalis),

statewideand for the basins sampledinthe 1995-1997 MBSS. Error barssignify +1 standard
error. Density estimates are adjusted for capture efficiency.



Density of Brook Trout by Stream Order
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Figure 4-8.

Density (number of individuals per stream mile) of brook trout (Salvelinus

fontinalis), by stream order for thebasinssampledinthe 1995-1997 MBSS. Error
bars signify +1 standard error (lack of error bars indicate that variance is
statistically undefined). Density estimates are adjusted for capture efficiency.

individuals per stream mile (393 individuals per stream
mile). Theother basinsthat contained brook trout were: the
Y oughiogheny (1995 sampling), North Branch Potomac,
Patapsco (1995 sampling), Middle Potomac, Gunpowder,
and Susguehanna. Brook trout density also varied across
stream orders, with third-order streams having fewer brook
trout individuals per stream mile (26) than both first- and
second- order streams (51 and 78, respectively).

Thedensity, abundance, and biomass of combined gamefish
species were calculated from MBSS data. Total gamefish
density (Figures4-9 and 4-10; Table4-3) wasgreatestinthe
Y oughiogheny (1997 sampling) and Susquehanna basins,
where brook trout and brown trout were the dominant game
species. The Gunpowder basin, dominated by brook trout
and brown trout, and the Chester basin, dominated by
largemouth bass, were also among the basins with greatest
gamefish density. Over all basins and stream orders, the
mean density of gamefish was 155 individuals per stream

mile, with the greatest density in third-order streams (439
individuals per stream mile). Although first-order streams
had alower mean density of gamefish (102 individuals per
stream mile), the estimated total abundance of gamefish
inhabiting first-order streamsisactually greater than that of
third-order streams, given the greater total length of lower
order streams throughout the basins. Aggregate gamefish
biomass exhibited a dlightly different pattern than did
gamefish density (Figure 4-11, Table 4-4). The highest
gamefish biomass occurred in the Elk basin and third-order
streams had far greater gamefish biomass than did smaller
streams, reflecting the populations of larger adult fish
present in third-order streams. Many of the gamefish
captured by the Survey were below legal or catchable size
limits, as might be expected given the number of small
streams sampled.
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Gamefish Density by Basin
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Figure4-9. Total gamefish density (number of individuals per streammile), statewide and for basins sampled
inthe1995-1997 MBSS. Error barssignify +1 standard error. Density estimates are adjusted for
capture efficiency.
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Figure 4-10. Total gamefish density (number of individuals per stream mile), by stream order

for the 1995-1997 MBSS. Error barssignify +1 standard error (lack of error bars
indicatethat varianceisstatistically undefined). Density estimatesare adjusted for

capture efficiency.

Using measured lengths of individual gamefish, separate
estimates were made of the abundance of legal-sized or
otherwise harvestable gamefish. Minimum sizes used to
designate harvestable gamefish were the statewide size
limits of 12" for largemouth and smallmouth bass, 14" for
chain pickerel, and 18" for striped bass. Harvestable trout
were defined as those 6" or greater. Across al basins,
brook trout were estimated to be the most abundant
harvestable-size gamefish in first- through third-order
streams, followed by brown trout (Appendix E, Table E-3).
Population estimates of harvestable-sized gamefish in low-
order streams statewide were: 55,160 brook trout, 43,882
brown trout, 6,987 rainbow trout, 4,928 chain pickerel, and
4,530 largemouth bass, with smaller numbers of cutthroat
trout and smallmouth bass. No harvestable size striped bass
(a species abundant in tidal waters) were found in the
streams surveyed. The abundance of harvestable-size
gamefish was greatest in the Gunpowder basin, with an
estimated 23,565 harvestable-size fish (Figure 4-12).

4.1.3 Individual Health of Fish

The hedth of stream fishes was assessed through the
observation of specific anomalies on individual game and
nongamefish. At each segment all gamefish and up to 100
individual sof each nongamefish specieswereexaminedfor
visible external anomalies. For gamefish, the anomalies
present on each individual fish were recorded. For
nongame fish, the number of fish of each specieswith each
anomaly type was recorded. No differentiation was made
between afish with only one anomaly and one fish that had
several (e.g., a fish that had both black spot and anchor
worm was counted once in each of those categories). The
numbersreported here assumethat the maximum number of
anomaliesoccurred (per fish). Therefore, the numbers may
dightly underestimate the number of nongame fish with
anomalies. Vaueswerefirst summarized asthe percentage
of fish exhibiting anomalies (Table 4-5). Overal
occurrence of anomalies was lower among gamefish (2%)

4-17



Gamefish Biomass by Basin
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Figure4-11. Gamefish biomass (kg per stream mile), statewide and for basins sampled in the 1995-1997 MBSS. Error
bars signify +1 standard error. Biomass estimates are adjusted for capture efficiency.
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Abundance of Harvestable Size Gamefish by Basin
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Figure 4-12. Estimates of the total abundance of harvestable size gamefish (number of individuals),
statewide and for basins sampled in the 1995-1997 MBSS. Error bars signify +1 standard
error. Abundance estimates are adjusted for capture efficiency.
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Table 4-5. Occurrence of anomalies (percent of fish with anomalies) among game and nongame fish for basins sampled in the 19951
1997 MBSS. These estimates include all recorded anomaly types.

Per cent of Gamefish Standard Per cent of Nongame Fish Standard
with Anomalies Error with Anomalies Error
Basin
Y oughiogheny 1995 0.9 0.6 5.9 0.7
Y oughiogheny 1997 0.3 0.2 3.3 0.6
North Branch Potomac 4.3 2.1 11.8 15
Upper Potomac 11.3 3.3 9.8 0.9
Middle Potomac 6.0 15 9.1 0.8
Potomac Washington Metro 6.0 0.9 4.6 0.9
Lower Potomac 16 16 1.9 0.3
Patuxent 0.9 0.6 2.8 0.4
West Chesapeake 0.8 0.02 14 0.8
Patapsco 1995 0.9 0.5 5.1 0.7
Patapsco 1996 2.2 11 8.2 11
Gunpowder 0.1 0.1 5.3 0.5
Bush 8.1 3.2 9.4 2.6
Susguehanna 1.1 0.6 2.7 0.4
Elk 37.1 17.8 6.7 0.6
Chester 2.2 1.6 3.2 0.9
Choptank 1996 0.6 0.7 1.3 0.2
Choptank 1997 0.5 0.4 0.7 0.2
Nanticoke/Wicomico 0 0 0.9 0.3
Pocomoke 45 3.2 1.1 0.3
Stream Order

1 17 2.4 4.1 0.4
2 1.1 1.0 6.4 1.1
3 4.4 2.1 6.9 1.2
Statewide 2.1 15 5.3 0

* Variance statistically undefined




Brook Trout - Past, Present, and Future

Results from the Survey indicate that between 200,000 and 400,000 brook trout now livein Maryland. Thisisa
small fraction of the number thought to exist before European colonization. Based on the cal culations described
below, more than 2.9 million brook trout once existed in Maryland streams.

To estimate the size of the pre-European population, brook trout densities at MBSS sites most comparable to
historical conditions (559 brook trout per stream mile) were extrapolated to the geographic area that likely
approximates the historical distribution of brook trout (all of Maryland west of the Coastal Plain or 4,841 stream
miles). Thefollowing four assumptions were used in this analysis:

® Current Distribution
Historical Distribution

e Assumption 1 - Prior to European settlement, brook trout occurred only in first- through third-order streams.
Itispossiblethat brook trout historically inhabited fourth-order streamsthat were more shaded thanthey are
today. Therefore, the estimate of historical abundance may be conservative.

e Assumption 2 - Small streams not included in the MBSS sample frame did not contain historical populations
of brook trout. It isalmost certain that brook trout historically inhabited small streams not captured by the
1: 250,000 scale reach file employed for the Survey. Therefore, the estimate of historical abundance may be
conservative.

* Assumption 3 - All streams west of the Coastal Plain contained populations of brook trout. Becauseit is
unlikely that brook trout were found in every water shed within these physiographic regions, the estimate of
historical abundance may be an over estimate of the historical population size. Ontheother hand, brook trout
may have historically extended into the Coastal Plain, especially near the transition zone with the Piedmont.
Jabez Branch, atributary to the Severn River, harbored what may have been arelic popul ation of brook trout
until they wereextirpatedin 1989. If at least some Coastal Plain streams had habitat suitablefor brook trout,
it would lessen the overestimate under this assumption.
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. Assumption 4 - The current mean brook trout density in non-degraded Maryland streams corresponds to
the densities existing during the pre-European period. This value is based on densities observed at sites
rated as“ good” or “ not bad” during the1995-1997 MBSS Survey (see Roth et al. 1997, Appendix C for
a definition of ‘good’ and ‘not bad’). Snce embeddedness in brook trout streams is almost certainly
higher today (and productivity of forage lower) compared to pre-European conditions, the brook trout
densities today may be considerably lower than the historical densities. Therefore, the estimate of
historical abundance may be conservative.

Even though considerable uncertainty is associated with the above assumptions, it is clear that the abundance of
brook trout hasdeclined dramatically fromitshistorical levels. Although thereasonsfor thedecreasein brook trout
are many, one of the most important may be increasesin water temperature. As trees were cleared for agriculture
and housing, previously forested streams were exposed to direct sunlight as well as to heated water running off
impervious surfaces like roads and rooftops. Today, fewer and fewer streams have temperature regimes suitable
for brook trout, particularly in the eastern half of the State. The graph below dramatically illustrates that the
majority of brook trout exist in watersheds with less than 0.5% impervious surface, and that none exist in
watershedswith greater than 2% impervious surface. Other mgjor threatsto the continued existence of brook trout
in Maryland include (1) silt from new construction and agriculture, (2) competition from non-native brown trout,
(3) habitat loss from logging, (4) loss of forests along streams, (5) acid rain, and (6) globa warming.

500

2500
°

2
S 2000

®
E °
o
n
g 1500 °
3
= ® o
X
o
S
om
5
@
Ko}
£
]
b

1 2
Percent Impervious Cover

Relati onshi p between watershed imperviousnessand brook trout density at M BSSsitessampled during 1995-1997.




American Ed - Past, Present, and Future

The American eel hasalife history unique among Maryland fish species. In contrast to anadromousfish (such as
American shad) that spawn in Maryland's freshwater rivers and grow to maturity in the ocean, the catadromous
eel spawnsin thetropical Atlantic ocean and growsto maturity in estuarine and freshwater habitats. Juvenileeels
(or elvers) must migrate upstream through estuaries, rivers, and streamsto reach habitatsthat will support them (for
20 years or more) before reaching sexual maturity and migrating to their spawning area in the Sargasso Sea.
European colonization of Maryland was accompani ed by the construction of numerous small damsto supply water
power for mills. Later, dams on larger streams and rivers were added for transportation, water supply, flood
control, and hydroelectric projects. Today, the more than 1,000 man-made barriersto migratory fish in Maryland
(Leasner, DNR, pers. comm.) have reduced access of American eel and other fish to their historical habitats.

Itislikely that the American eel was abundant invirtually all the estuaries, rivers, streams, and lakes of Maryland
and other coastal states prior to the colonization of North America. Since that time, the fate of eel stocks in
Maryland streams has been similar to the fate of the brook trout. While brook trout populations have declined or
disappeared as aresult of sometimes subtle changesin the water and habitat quality, the more robust and resilient
eel has declined as a result of the cumulative effect of pollution, heavy exploitation, and extensive and major
changes to the habitats through which it migrates and in which it grows to maturity.

Themost dramatic evidencefor theimpact of major damson eel abundance can befound in the SusquehannaRiver
basin. Prior to completion of four mainstem dams on the lower Susquehanna (the last, Conowingo Dam, was built
in 1928), eels were common throughout the Susquehanna basin and were popular with anglers in Pennsylvania
lakes (PCF 1897). Annual harvests of eelsin the Susquehannawere nearly 1 million pounds at that time (Foster
1995). For many decades, there have been no recreational or commercial harvests of this speciesin Pennsylvania.
MBSS data suggest that the mainstem dams have been a major factor in this decline by blocking the upstream
migration of juvenile egls.

DISTRIBUTION OF AMERICAN EEL
IN THE SUSQUEHANNA RIVER BASIN

@ American esl present
® American eel absent
= Conowingo Dam
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TheMBSS sampled 37 siteswithin the Maryland portion of the SusguehannaRiver basin. Of thesesites, 11 were
on Susguehannatributaries that emptied into Conowingo Pond upstream of the dam. Theremaining 26 siteswere
located ontributaries, such as Deer Creek, that empty into theriver below thedam. Atthe 11 above-dam sites, only
asingle eel wastaken during sampling. In contrast, eelswere captured at 25 of the 26 sites sampled on the bel ow-
dam tributaries; the average number of eels taken per station was 37, with a high of 150 at one station on Basin
Run. While no fisheries survey data are available for Pennsylvania and New Y ork rivers and streams in the
Susquehanna watershed, it is reasonable to conclude from the MBSS and anecdotal fisheries data that the
watershed is essentially devoid of eels at the present time.

MBSS data can be used to estimate the probable loss in eel production attributed to mainstem barriers in the
Susquehannabasin. Mean eel density was cal cul ated based onthe densitiesobserved during the 1995-1997 MBSS,
with first-, second-, and third-order stream sites weighted by their relative abundance in the Maryland portion of
the Susguehanna basin. If we assume that the mean density of American eel in the Susquehanna basin below
Conowingo Dam (approximately 500 per stream mile) is representative of the potential mean density of eelsinall
streamsin the basin (26,064 miles), we estimate that the declinein abundance could be as great as 13 million eels.
This estimate assumes no production of eelsin any of the lakes and ponds in the watershed, and also ignores the
fact that the density of eelsin fourth-order and larger streams common in the watershed is greater than the density
in third-order and smaller streams, as was found in MBSS supplemental survey sampling in some larger streams.
Thus, it islikely that thisis a conservative estimate of eel losses.

A recent report documents an apparent continent-wide decline in American eel abundance since the early 1980s
(Richkus and Whalen 1999). Such a decline is of great significance, since al eels found in North and South
Americaare produced by asingle spawning stock. Contributing factorsto this decline have been hypothesized to
include changes in ocean currents, pollution, excessive exploitation, hydroelectric facility impacts, migration
barriers, and other types of habitat alteration. While no specific causative factor has been identified to date, any
measures that would enhance the production and survival of eels throughout their range would contribute to
stemming or reversing the apparent decline. MBSS findings suggest that providing for the successful upstream
passage of juvenile eels at mainstem dams on the Susquehanna River is such a measure.

than nongame fish (5%) and tended to increase with stream
size. Usingtheless conservative estimatethat each fish had
only onetypeof anomaly, 12% of nongamefishwould have
anomalies. Valuesin Table 4-5 represent all anomalies
recorded, including hooking injuries, cuts, ich, and the
presence of visible parasites such as black spot and leeches.
Statewide, the occurrence of each anomaly typein nongame
fish was low, with aimost every type found in less than
0.1% of fish (Table 4-6). Only black spot (8.2%) and red
spot (2.5%) werefound in greater than 1% of fish statewide.
The same results were observed in the individual basins.
Whilemorethan fiveanomaly typesoccurredinevery basin
sampled, only black spot, eye cloudiness, and red spot
occurred in more than 1% of nongame fish in any of the
basins sampled. Among gamefish, these numbers were
even lower (Table 4-7). Statewide, 18 of the 28 anomalies
examined for were found, with only black spot occurringin
more than 1% of gamefish. For each individual basin, the
occurrence of gamefish with anomalies was also low, with
only nine basins containing greater than 1.0% of fish with
anomalies. The Nanticoke/Wicomico basin did not contain
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any gamefish with anomalies, while the greatest percentage
of gamefish with anomaliesoccurred inthe Elk basin. This
result may be aresult of small samplesize, asonly 18 sites
were sampled in the Elk and only nine gamefish were
caught there.

Particularly for nongame species, theabovevauestoalarge
degree reflect the frequent occurrence of blackspot, a
trematode parasite that is not especially indicative of
impaired fish health. Because blackspot isfairly common,
theincidence of asubset of anomalies, excluding blackspot
and other parasites, injuries, and ich, was estimated. This
subset included only pathol ogical anomalies, whichfell into
threegroups. ocular, skeletal, and skin anomalies (Table 4-
8). The occurrence of these pathological anomalies is a
potential indication of anthropogenic stress to fish
communities.
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Table 4-6. Percent occurrence of anomaly t

pesin nongame fish for the 1995-1997 MBSS. Shading indicates anomaly occurs in greater than 1.0% of fish.
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Swelling of the Anus <0.1 <0.1 <0.1 <0.1 <0.1
Anchor Worm <0.1]0.5 <0.1]<0.1 |<0.1 |<0.1 |<0.1|<0.1 <0.1]<0.1 <0.1]<0.1
Black Spot 8.2 |10.0]4.5 ]15.0]15.4 |15.4 {4.6 [0.6 |24 [0.2 |88 |14.0]8.8 |19.8] 4.6 |16.6| 3.6 ] 0.4 |<0.1|<0.1]<0.1]
Body Shape <0.1|<0.1 <0.1 <0.1 <0.1 [<0.1 |<0.1 <0.1 <0.1
Cataract <0.1 <0.1 |<0.1 <0.1 <0.1 <0.1{<0.1 <0.1
Cut <0.1]<0.1]<0.1]<0.1]<0.1 |<0.1 |<0.1 |<0.1 <0.1|<0.1 <0.1 <0.1 0.3
Discoloration <0.1|<0.1 <0.1 <0.1 <0.1]<0.1 <0.1
Deformities of the Mandible <0.1]<0.1 <0.1 |<0.1 <0.1]<0.1 |<0.1 |<0.1 |<0.1 |<0.1 <0.1]<0.1]<0.1}<0.1|<0.1|<0.1] 0.2
Deformities of the Vertebrate Column [<0.1<0.1{<0.1]<0.1{<0.1 |<0.1 <0.1 <0.1|<0.1 |<0.1|<0.1 |<0.1 <0.1]<0.1{<0.1 <0.1
Eye Cloudiness <0.1 <0.1 <0.1 1.0 |<0.1]<0.1]<0.1 <0.1 <0.1]<0.1{ 0.7 | 0.3 | <0.1
Eye Hemmorrhage <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Visible Externa Parasites 0.2 0.3 0.3 [0.2 ]|<0.1]<0.1 |0.7 ]<0.1]<0.1|0.3 |<0.1]|<0.1[<0.1] 0.2 [<0.1] 0.2 |<0.1[<0.1] 0.2 |<0.1
Fin Deformed or Missing <0.1]<0.1 <0.1 |<0.1 |<0.1 |<0.1]<0.1 |<0.1 |{<0.1 |<0.1 <0.1]<0.1 <0.1]<0.1{<0.1|<0.1
Fin Erosion 0.3 [0.3 |<0.1]<0.1]04 (0.4 0.2 ]0.5 [0.3 |<0.1]04 |04 |<0.1 0.2 |<0.1]<0.1] 0.2 |<0.1|<0.1] 0.3
Fungus <0.1]<0.1 <0.1{<0.1 |<0.1 <0.1 <0.1 <0.1]<0.1 <0.1]<0.1]<0.1|<0.1{<0.1
Growths/Cysts <0.1]<0.1 <0.1 |<0.1 |<0.1 |<0.1]<0.1 <0.1 |<0.1|<0.1|<0.1}<0.1] 0.3 |<0.1] 0.9 <0.1]<0.1
Hooking Injury <0.1|<0.1 <0.1
Hemorrhaging 0.2 0.2 0.2 |<0.1]<0.1{<0.1 |0.2 |<0.1]<0.1]<0.1]<0.1]0.7 | 0.4 ]<0.1{<0.1] 0.7 | 0.2 |<0.1]|<0.1] 0.4
Ich <0.1 <0.1
Leeches <0.1]<0.1 0.3 ]0.6 ]0.2 [<0.1 |0.2 |<0.1 <0.1|<0.1<0.1<0.1}<0.1]<0.1]<0.1]<0.1{ 0.2 |<0.1] <0.1,
Eye Missing <0.1]<0.1 <0.1 <0.1|<0.1 <0.1 |<0.1[<0.1 |<0.1]<0.1|<0.1]<0.1 <0.1 <0.1
Depression Into the Orbits <0.1 <0.1 <0.1 <0.1 <0.1
Other <0.1]<0.1 <0.1 <0.1]<0.1 |<0.1 |<0.1 |<0.1 |<0.1 <0.1 <0.1 <0.1]<0.1]<0.1
Exopthalmia <0.1]<0.1 <0.1 |<0.1 |<0.1 |<0.1]<0.1 <0.1 |<0.1<0.1<0.1]<0.1 <0.1 <0.1]<0.1]<0.1
Red Spot 25 [3.3 |1.1 |83 |63 |44 |29 |12 |2.0 20 |26 (41 |]12]18]0.7
Raised Scales <0.1]<0.1 <0.1 <0.1 <0.1
Scale Deformities <0.1]0.3 |<0.1]<0.1]<0.1 ]<0.1 |<0.1 |<0.1}<0.1 <0.1 |<0.1 <0.1
Ulcerationg/Lesions <0.1]<0.1 <0.1{<0.1 {<0.1 [<0.1 J0.3 |<0.1 <0.1]<0.1|<0.1]<0.1] 0.3 ]<0.1]02]04f03]02] 02




9Z-v

Table 4-7. Percent occurrence of anomaly typesin gamefish for the 1995-1997 MBSS. Shading indicates anomaly occurs in greater than 1.0% of fish.
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Body Shape
Cataract <0.1{ 0.3 0.3
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Discoloration
Deformities of the Mandible <0.1 <0.1] 05
Deformities of the Vertebrate Column|<0.1|<0.1 0.3
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Eye Hemmorrhage <0.1 0.5
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Red Spot
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that fall under each

Table 4-8. Three general categories of pathological anomalies observed in fish, with specific types of anomalies

Ocular Anomalies

Eye Cloudiness

Eye Hemorrhage
Exopthalmia (pop eye)
Depression into the Orbits
Eye Missing

Cataract

Skin Anomalies

Discoloration
Hemorrhaging

Fin Cloudiness

Raised Scales
Growths/Cysts
Ulcerationg/Lesions

Fin Erosion

Swelling of the Anus
Scale Deformities

Fin Deformed or Missing

Skeletal Defor mities

Deformities of the Vertebral Column
Deformities of the Mandible
Body Shape

Overdl, pathological anomalieswere observedinfrequently
in both gamefish (0.8%) and nongame fish (0.5%). A
variety of skin anomalieswere found on about 0.7% of the
individual gamefish, while ocular and skeletal anomalies
were observed on lessthan 0.1% of the gamefish (Figure 4-
13). Pathological anomaliesweredlightly morecommon in
gamefish of third-order streams (2.0%), perhapsindicating
(1) agreater influence of point source dischargesin larger
streamsor (2) thecumul ative effectsfrom upstream sources.
Larger, older fish usualy found in third-order streams may
also havemoreanomaliesthanjuvenilescollectedinsmaller
headwater streams. Pathological anomalies on gamefish
were most common in the Elk basin (Table 4-9, Figure 4-
14), although this estimate may again be attributed to small
samplesize. Among nongame fish, pathological anomalies
occurredinfrequently (Table4-10, Figure4-15). Statewide,
lessthan 0.5% of nongamefish had pathol ogical anomalies.

Another way to summarize the occurrence of anomaliesin
fishisto estimatethe percentage of streammileshavingfish
with certain anomaly types. For all fish, pathological
anomaliesoccurred in 44% of stream miles. The Choptank

basin had the greatest percentage of stream miles (83%)
withfishexhibiting pathol ogical anomalies. Skinanomalies
made up the greatest percentage of these anomalies,
occurring at 40% of stream miles statewide (Figure 4-16).

For gamefish, the overall occurrence of pathological
anomalies was not widespread. Based on 1995-97 MBSS
sampling, only about 2% of stream miles had gamefish with
any typeof pathological anomaly (Table4-11, Figure4-17).
Most of these anomalies were skin anomalies, with the
highest percentage occurring in the Elk basin (11%). Less
than 1% of stream miles had gamefish with ocular or
skeletal anomalies. Estimates are based on data from al
sites sampled during the summer index period.

Among nongame fish, pathologica abnormalites were
observed more frequently (Table 4-12, Figure 4-18). An
estimated 40% of stream miles had nongame fish with skin
anomalies. Skin anomalies were observed in an estimated
73% of third-order streams, 55% of second-order streams,
and 31% of first-order streams. The greater extent of
anomalies in second- and third-order streams could reflect
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Figure 4-13. Percentage of fish with each type of pathological anomaly (skin, skeletal, or ocular),
statewide for the 1995-1997 MBSS. Error bars signify +1 standard error.

more degraded water quality and the presence of larger,
older individuals in larger streams. Skin anomalies in
nongame fish were most prevalent in the Choptank basin
(1996 sampling), where occurrence wasestimated at 80% of
stream miles. In contrast, the Y oughiogheny basin (1997
sampling) had only 5% of stream miles with nongame fish
exhibiting skin anomalies. Ocular anomalies in nongame
fish occurred less often, in about 9% of stream miles
overall. Again, estimates were highest for third-order
(19%) and second-order (14%) stream miles. Ocular
anomalies were most prevaent in nongame fish in the
Susquehanna basin (28% of stream miles). Skeletal
deformities in nongame fish were estimated to occur in
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about 7% of stream miles statewide, and were dlightly
higher in second and third-order streams. The Pocomoke
basin had the highest incidence of skeletal anomalies in
nongame fish (29% of stream miles).

Some programs have successfully employed the prevalence
of anomalies as one component of a fish Index of Biotic
Integrity (IBI) (e.g., Ohio EPA 1987). However, in
developing a fish IBI for Maryland, the incidence of
anomalies (total or pathological) was ineffective in
detecting differencesin site condition and wastherefore not
included in the fish IBI for Maryland (Roth et a. 1998).



Table 4-9. Occurrence of pathological anomalies among gamefish (percent of fish with pathological anomalies) for basins sampled in thel995-1997 MBSS.
Estimates include the anomaly typeslisted in Table 4-8.

Per cent of Per cent of
gamefish with Per cent of Per cent of gamefish with
pathological |Standard| gamefish with | Standard | gamefish with Standard ocular Standard
anomalies Error [ skin anomalies Error |skeletal anomalies Error anomalies Error
Basin
Y oughiogheny 1995 0.52 0.32 0.25 0.18 0.00 0.00 0.27 0.26
Y oughiogheny 1997 0.25 0.16 0.25 0.16 0.04 0.05 0.00 0.00
North Branch Potomac 2.90 1.84 2.90 1.84 0.14 0.14 0.00 0.00
Upper Potomac 2.22 1.06 1.30 0.94 0.46 0.47 0.46 0.42
Middle Potomac 1.10 0.56 1.10 0.56 0.00 0.00 0.00 0.00
Potomac Washington Metro 0.77 0.78 0.77 0.78 0.00 0.00 0.00 0.00
L ower Potomac 0.81 0.78 0.54 0.52 0.27 0.26 0.00 0.00
Patuxent 0.25 0.15 0.25 0.15 0.00 0.00 0.00 0.00
West Chesapeake 0.81 0.02 0.81 0.02 0.00 0.00 0.00 0.00
Patapsco 1995 0.40 0.26 0.30 0.20 0.00 0.00 0.10 0.10
Patapsco 1996 0.99 0.47 0.44 0.32 0.00 0.00 0.55 0.35
Gunpowder 0.06 0.07 0.06 0.07 0.00 0.00 0.00 0.00
Bush 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Susguehanna 0.67 0.52 0.14 0.11 0.00 0.00 0.53 0.50
Elk 10.49 6.63 10.49 6.63 0.00 0.00 0.00 0.00
Chester 1.39 1.23 1.39 1.23 0.00 0.00 0.00 0.00
Choptank 1996 0.64 0.72 0.64 0.72 0.00 0.00 0.00 0.00
Choptank 1997 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nanticoke/Wicomico 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pocomoke 4.49 3.21 4.49 3.21 0.00 0.00 0.00 0.00
Stream Order

1 0.58 0.86 0.48 0.77 0.00 0.00 0.10 0.24
2 0.34 0.36 0.23 0.27 0.00 0.00 0.11 0.43
3 2.00 1.22 1.78 1.10 0.15 0.23 0.14 0.23
Statewide 0.83 0.56 0.70 0.41 0.03 0.04 0.11 0.21
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Percent of Fish

Occurrence of pathological anomaliesin gamefish (percent of individual gamefish with pathological
anomalies), statewideand for basins sampledinthe 1995-1997 MBSS. Error barssignify +1 standard
error.



Table 4-10. Occurrence of pathological anomalies among nongame fish (percent of nongame fish with pathological
anomalies) for basinssampledinthe 1995-1997 MBSS. Estimatesincludetheanomaly typeslistedin Table

4-8.
Per cent of nongame fish
with pathological anomalies Standard Error
Basin
Y oughiogheny 1995 0.53 0.12
Y oughiogheny 1997 0.10 0.05
North Branch Potomac 0.27 0.08
Upper Potomac 0.38 0.10
Middle Potomac 0.31 0.04
Potomac Washington Metro 0.33 0.09
L ower Potomac 0.61 0.11
Patuxent 0.30 0.07
West Chesapeake 1.14 0.74
Patapsco 1995 0.51 0.10
Patapsco 1996 0.44 0.07
Gunpowder 0.50 0.17
Bush 0.30 0.10
Susquehanna 0.59 0.15
Elk 0.36 0.14
Chester 0.98 0.39
Choptank 1996 1.09 0.24
Choptank 1997 0.58 0.19
Nanti coke/Wicomico 0.79 0.32
Pocomoke 0.84 0.30
Stream Order
1 0.43 0.22
2 0.47 0.13
3 0.60 0.26
Statewide 0.47 0.10
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Figure 4-15.
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Percentage of stream miles containing fish with each type of pathological anomaly (skin, skeletal or ocular),

statewide for the 1995-1997 MBSS. Error bars signify +1 standard error.
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Table4-11. Percentage of stream miles having gamefish with each of three pathological anomaly types, for basins
sampled in the 1995-1997 MBSS
Skin Anomalies Ocular Anomalies Skeletal Anomalies
Standard Standard Standard
Mean Error Mean Error M ean Error

Basin
Y oughiogheny 1995 1.4 1.0 15 15 0.0 0.0
Y oughiogheny 1997 33 19 0.0 0.0 0.9 0.9
North Branch Potomac 6.3 18 0.0 0.0 0.7 0.7
Upper Potomac 14 1.0 0.5 0.5 0.5 0.5
Middle Potomac 13 0.6 0.0 0.0 0.0 0.0
Potomac Washington Metro 0.5 0.5 0.0 0.0 0.0 0.0
Lower Potomac 0.6 0.6 0.0 0.0 0.6 0.6
Patuxent 0.9 05 0.0 0.0 0.0 0.0
West Chesapeake 15 15 0.0 0.0 0.0 0.0
Patapsco 1995 18 13 0.6 0.6 0.0 0.0
Patapsco 1996 0.9 0.6 18 11 0.0 0.0
Gunpowder 0.7 0.7 0.0 0.0 0.0 0.0
Bush 0.0 0.0 0.0 0.0 0.0 0.0
Susquehanna 17 12 5.9 5.9 0.0 0.0
Elk 105 10.5 0.0 0.0 0.0 0.0
Chester 59 5.6 0.0 0.0 0.0 0.0
Choptank 1996 11 11 0.0 0.0 0.0 0.0
Choptank 1997 0.0 0.0 0.0 0.0 0.0 0.0
Nanticoke/Wicomico 0.0 0.0 0.0 0.0 0.0 0.0
Pocomoke 0.9 0.6 0.0 0.0 0.0 0.0

Stream Order
1 04 0.6 0.3 0.7 0.0 0.0
2 11 2.2 0.6 21 0.0 0.0
3 119 39 13 24 16 2.2
Statewide 17 0.7 0.5 0.7 0.2 0.2
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Figure4-17. Percentage of stream mileswith gamefish species having pathological anomalies, statewide
and for basins sampled in the 1995-1997 MBSS. Error bars signify +1 standard error.
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Table4-12. Percentage of stream miles having nongame fish with each of three pathological anomaly types, for basins
sampled in the 1995-1997 MBSS
Skin Anomalies Ocular Anomalies Skeletal Anomalies
Standard Standard Standard
M ean Error M ean Error M ean Error

Basin
Y oughiogheny 1995 48.2 124 3.0 2.1 14.9 8.7
Y oughiogheny 1997 4.8 25 0.0 0.0 15 15
North Branch Potomac 14.3 35 0.0 0.0 2.0 15
Upper Potomac 26.4 5.6 33 17 8.6 4.8
Middle Potomac 39.4 5.8 13.2 3.6 4.8 25
Potomac Washington Metro 334 7.3 13 1.0 0.0 0.0
Lower Potomac 62.6 10.7 22.3 1.7 12.8 5.8
Patuxent 33.8 6.3 51 3.2 25 2.3
West Chesapeake 9.9 7.9 10.9 8.0 3.6 2.3
Patapsco 1995 56.9 8.4 14.3 3.2 9.9 4.2
Patapsco 1996 46.3 8.2 8.1 3.8 9.5 3.8
Gunpowder 45.1 8.9 101 5.7 10.9 5.8
Bush 64.4 16.8 8.1 3.8 2.2 2.2
Susguehanna 62.8 121 27.7 10.0 9.1 6.3
Elk 53.1 17.3 24 54 7.2 4.3
Chester 515 12.9 9.0 37 9.6 6.1
Choptank 1996 79.5 19.9 2.2 15 14.0 11.2
Choptank 1997 20.2 11.2 25.1 114 0.8 0.8
Nanticoke/Wicomico 27.7 13.8 194 11.7 8.4 8.4
Pocomoke 28.7 135 22.8 13.3 29.2 15.6

Stream Order
1 30.6 111 6.4 34 6.3 41
2 54.8 8.8 14.3 8 8.7 33
3 72.7 16.8 18.6 11.6 9.2 7.3
Statewide 39.7 9.1 9.2 2.7 7.1 2.8
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Pathological Anomalies in Nongame Fish by Basin
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Figure 4-18. Percentage of stream miles with nongame fish species having pathological anomalies,
statewide and for basins sampled in the 1995-1997 MBSS. Error bars signify +1 standard
error.
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4.2 BENTHIC MACROINVERTEBRATES

Three hundred forty-six (346) genera within 112 families
were collected during 1995-1997 MBSS sampling at 955
sites (Appendix C, Table C-3). Among all basins, the
Lower Potomac had the highest total number of taxa
combined across sites (190), while the Bush and the Elk
both had thelowest (83) (Figure4-19). Ingeneral, basinson
theCoastal Plain (e.g., Bush, Elk, and Pocomoke) contai ned
the fewest total taxa The total number of taxa for those
basins that traverse the Fall Line (i.e., Gunpowder,
Patapsco, Patuxent, and Potomac Washington Metro) had,
on average, 15% more taxa than basins not traversing the
Fal Line.

Most of the genera sampled during the MBSS were rare.
Two hundred eighty-seven (287) genera (83%) occurred at
lessthan 10% of all sitesand 161 genera (47%) occurred at
less than 1% of al sites. In contrast, only 14 genera (3%)
occurred at more than 25% of al sites. The three most
common generawereall dipterans—Parametriocnemus sp.
and Cricotopus/Orthocladius sp. (both Diptera:
Chironomidae), and Prosimulium sp. (Diptera:
Simuliidag)—each occurring at more than 50% of all sites.
Other common genera and their respective percent
occurrences were Ephemerella sp. (Ephemeroptera:
Ephemerellidae) (46%), Senonema sp. (Ephemeroptera:
Heptageniidae) (40%), and Hydropsyche sp. (Trichoptera:
Hydropsychidage) (42%).

Mean taxarichnessper site statewidewas 17.3 (Table 4-13;
Figure 4-20). Mean taxa richness was highest in the 1995
sampling of the Y oughiogheny basin (23.6) and lowest in
the Bush basin (10.4). Taxa richness varied little with
stream order; the mean richnesswas 17.0 for al first-order
streams, 18.1 for second-order streams, and 17.9 for third-
order streams. However, mean taxa richness did increase
consistently with watershed size (Figure4-21). Stream sites
with watersheds > 3,000 acres contained, on average, 13%
more taxa than sites with watersheds < 300 acres.

4.3 AMPHIBIANS AND REPTILES

Forty-five speciesof amphibiansand reptileswereobserved
statewide (Appendix C, Table C-4). Because amphibians
and reptiles were collected as part of the Survey’s stream-
based design, they are a sampl e of those species that reside
in streams and their riparian zones. These amphibian and
reptiles are a subset of the larger set of herpetofauna of the
State that includes many primarily terrestrial species. The
45 species collected by the Survey represent 52% of the
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amphibians and reptiles known to exist in the State (Harris
1975); a list of species not reported by the Survey is
included in Appendix C, Table C-5.

The Lower Potomac basin had the highest amphibian and
reptile species richness per stream mile of riparian area
(mean of 4.0 species observed per site). Mean species
richnessin other basinsranged from 1.4t0 3.3 (Table4-14).
As expected from their aguatic habits, amphibian species
(frogs, toads, and salamanders) were the most commonly
observed groups, with frogs and toads present at an
estimated 44% of stream miles and salamanders present at
an estimated 40% of stream miles. Reptiles were less
frequently observed: turtles were present at an estimated
7% of stream miles, snakes at 5%, and lizards at 0.4%. No
strong pattern of total amphibian and reptile species
richness was observed among stream orders. Salamanders,
however, were significantly more common in smaller
streams, occurring in41% of first-order and 39% of second-
order stream miles, but only 27% of third-order stream
miles(Figure4-22). The speciesrichnessof salamandersin
low-order streams may make them effective indicators of
biological integrity in small streamswith few or no fish.

Statewide, distinct geographic patternswere evident in both
amphibian groups. The presence of each reptile group was
lower and widely distributed acrossthe State. More details
on the geographic distributions of amphibian and reptile
speciesis provided in Chapter 12. The number of stream
miles with salamanders present declines from west to east
in Maryland (Figure 4-23). Indeed, no salamanders were
recorded in two Eastern Shore basins: the Nanticoke/-
Wicomico and Pocomoke. In contrast, frogs were present
inagreater percentage of stream mileson the Eastern Shore
of Maryland thanin other regions of the State (Figure 4-24).
Thesedistributionslikely reflect the affinity of salamanders
for small streamsthat areabundant inwestern Maryland and
the affinity of frogsfor streams associated with wetlandsin
eastern Maryland.

4.4 MUSSELS

Throughout the United States, nativefreshwater musselsare
imperiled by human impacts. The Nature Conservancy
reports that two-thirds of the nation’s freshwater mussels
are at risk of extinction and that almost 10% may aready
have gone extinct (TNC 1998). Currently, there are 16
unionid bivalve speciesreported in Maryland (pers. comm.
J. McCann, Maryland Department of Natural Resources,
1998). Of these, 14 are listed as State rare or endangered
species and are actively tracked by DNR’s Wildlife and
Heritage Division.
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Figure 4-19. Number of benthic taxa, statewide and by basin for the 1995-1997 MBSS
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Table4-13. Benthic taxarichness, by basin and stream order, estimated as mean number of taxa per site, for the 1995-
1997 MBSS
Mean number of benthic Standard
taxa per site Error

Basin
Y oughiogheny 1995 23.6 2.1
Y oughiogheny 1997 19.9 2.4
North Branch Potomac 174 15
Upper Potomac 17.5 11
Middle Potomac 14.6 1.2
Potomac Washington Metro 18.7 15
L ower Potomac 19.0 2.2
Patuxent 20.0 1.2
West Chesapeake 13.2 2.4
Patapsco 1995 18.3 1.8
Patapsco 1996 12.9 1.3
Gunpowder 184 1.6
Bush 10.4 1.9
Susquehanna 19.7 2.0
Elk 16.1 34
Chester 18.4 2.7
Choptank 1996 14.2 1.9
Choptank 1997 154 2.2
Nanti coke/Wicomico 18.0 4.1
Pocomoke 13.5 1.9

Stream Order
1 17.0 1.9
2 18.1 2.0
3 17.9 1.2
Statewide 17.3 1.8
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Mean Benthic Taxa Richness by Basin
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Figure 4-20. M ean benthic taxa richness (mean number of benthic taxa per site), statewide and for basins
sampled in the 1995-1997 MBSS. Error bars signify +1 standard error.
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Mean Benthic Taxa Richness by Watershed Size
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Figure4-21. M ean benthic taxarichness (mean number of benthic taxaper site), statewide, by
watershed size (acres)
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Table 4-14. Amphibian and reptile species richness, by basin and stream order, estimated as mean number of species

per segment, for the 1995-1997 MBSS

Mean number of amphibiansand Standard
reptile species per site Error
Basin
Y oughiogheny 1995 2.5 0.6
Y oughiogheny 1997 1.4 0.3
North Branch Potomac 3.0 0.4
Upper Potomac 2.2 0.3
Middle Potomac 1.8 0.2
Potomac Washington Metro 2.4 0.3
Lower Potomac 4.0 0.5
Patuxent 3.2 0.3
West Chesapeake 2.0 0.4
Patapsco 1995 2.0 0.2
Patapsco 1996 21 0.3
Gunpowder 2.2 0.3
Bush 17 0.4
Susquehanna 3.2 04
Elk 21 0.7
Chester 2.6 0.5
Choptank 1996 2.8 0.7
Choptank 1997 3.3 0.8
Nanticoke/Wicomico 1.9 0.5
Pocomoke 2.2 0.6
Stream Order
1 2.6 0.3
2 2.3 0.2
3 2.1 0.2
Statewide 2.5 0.3
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1995-1997 MBSS. Error bars signify +1 standard error.
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Figure4-23. Percentage of stream mileswith salamanders, statewide and for basins sampled in the 1995-
1997 MBSS. Error bars signify +1 standard error.
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Figure 4-24. Percentage of stream miles with frogs, statewide and for basins sampled in the 1995-1997
MBSS. Error bars signify +1 standard error.
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Eight species of freshwater bivalves were collected in
Maryland from 1995-1997 (Appendix C, Table C-6),
including seven native unionid species and the introduced
Asiatic clam. Fivestaterareunionid specieswereobserved
during the Survey. For further details on rare and
introduced species, see Chapter 12.

Sixteen of the basins acrossthe state contained one or more
of the species found. The Chester basin had the highest
species richness with six native freshwater bivalves
collected, whereas no bivalves were collected in the North
Branch Potomac basin (Figure 4-25). Overall, freshwater
unionid mussels were found at 18% of the 905 core MBSS
sitessampled statewide. Strayer (1983) and Watters (1993)
haveindicated that mussel speciesdiversity instreamsoften
increases as stream order increases. Thisisconsistent with
MBSS results for 1995-1997 where unionid mussels were
present in 2% of the first-order sites sampled, 9% of the
second-order sites, and 19% of the third-order sites.

Thetwo most common freshwater bivalvesweretheeastern
elliptio (occurring at  7.9% of sites) and the introduced
Asiatic clam (7.7%). The Asatic clam, athough first
introduced to the region in the early 1930's, is now
widespread in Maryland, occurring in 13 of the basins
sampled (Figure 4-26). Other species of bivalves occurred
at less than 1% of all sites sampled. The squawfoot and
yellow lance, both listed as rare in Maryland, occurred at
only one of 905 sites sampled. Currently, thereis concern
about the status of the squawfoot due to its rarity in
Maryland, as well as the yellow lance which is difficult to
identify.

45 AQUATIC VEGETATION

Aquatic vegetation communities are an important
component of small stream ecosystems, often becoming the
primary transducer of energy from sunlight to organic
matter in unshaded environments (Lock 1981). Plantsalso
createhabitatsfor invertebrates (Biggs 1996, Newman et al.
1996), dow water velocities (Sand-Jensen and Mebus
1996), trap detritus (Dudley et a. 1986), and provide food
and cover for fish (Sevino and Stein 1982). When
abundant, aquatic vegetation controls flow conditions,
carbon and minera flux, and the abundance and species
composition of invertebrates and fishes (Sand-Jensen and
Mebus 1996). Recognizing the importance of aquatic
vegetation communitiesto streams, the Survey recorded the

presence and species composition of aquatic vegetation at
all sample sites.

During the 1995-1997 MBSS, 24 distinct taxa of aquatic
vegetation wereidentified (Table 4-15; Appendix C, Table
C-7). Burreed (Sparganium sp.), an emergent, obligate
wetland species, was the most abundant species, occurring
at 11.3% (102) of the 905 sites sampled. Larger water-
starwart (Callitriche heterophylle), a submerged aguatic
species, occurred at 8.7% of sites, while pondweed (three
Potamogeton species submerged aquatic) and water
purslane( Ludwigia pal ustrisemergent) werefound at 5.5%
of sites. Because of the synoptic nature of the Survey (plant
communitieswere sampled only onetime), many plant taxa
could not be identified to species because flowering parts
and other key identifierswere not apparent. Asaresult, we
were not able to determine whether rare species were
collected during the Survey.

Aquatic vegetation in streams typically occurs in dense,
monospecific patches that vary according to flow regime
and shading (Butcher 1933). Shading is particularly
important, and streams with substantial shading may not
receive enough light to allow aguatic vegetation growth
regardless of thewater or substrate quality (Simonson et a.
1994). The Survey revealed that streamswith 20% shading
or less had an average of 1.6 species per site, whereas
streams with greater than 80% shading averaged less than
0.25 species per site (Figure 4-27). As 95% of Maryland
was once forested, it is likely that, with the exception of
beaver impoundments, more agquatic vegetation exists in
Maryland’ s non-tidal streams today than prior to European
settlement.

Asexpected, aguatic vegetation wasfar morewidespreadin
Coastal Plain basins (Figure 4-28). Within the Coastal
Plain, the Choptank and Pocomoke basins had the highest
mean number of species per site (2.4). The difference in
abundance and diversity between regionsis likely aresult
of lower water velocitiesin Coastal Plain streams, but the
extensive network of ditched streams with little or no
canopy probably played arole aswell. Taxarichness was
higher in large streams than small (and theoretically more
shaded) streams in the Coastal Plain (Figure 4-29). In
contrast, there was no apparent relationship between taxa
richness and stream size in the non-Coastal Plain, possibly
because their requirements for soft substrates and slow
stream flows are not met in higher gradient streams.
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Figure 4-25. Number of mussel species, statewide and for basins sampled in the 1995-1997 MBSS
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Figure 4-26. Distribution of native and non-native mussels species recorded in the 1995-1997 MBSS. Native refers to unionid mussels native to
Maryland. Non-native indicates the presence of Asiatic clam (Corbicula fluminea).
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5 ASSESSMENT OF BIOLOGICAL CONDITION

This section presents the assessment results of the 3-year
sampling effort, describing the biological condition of
streams in the basins sampled by the Maryland Biological
Stream Survey (MBSS, or the Survey). ldentification of
degraded and undegraded streams is based on the
assignment of ratings for the fish Index of Biotic Integrity
(IBI) and the benthic IBI. Streams are also evaluated using
the Hilsenhoff Biotic Index for benthic macroinvertebrates.
Finally, the section comparestheresultsof thefish IBI with
the benthic IBI and the Hilsenhoff Biotic Index.

5.1 INTRODUCTION TO THE INDEX OF BIOTIC
INTEGRITY

The Index of Biotic Integrity is a stream assessment tool
that eval uatesbiol ogical integrity based on characteristicsof
the fish and benthic assemblage at a site. Biological
integrity is defined as the ability to support and maintain a
balanced, integrated, adaptive community of organisms
having a species composition, diversity, and functional
organi zation comparableto that of the natural habitat of the
region (Karr and Dudley 1981 as cited in Karr 1991).

To develop an IBI, reference sites are selected to represent
regional natural habitats, also referred to as “minimally
impacted” conditions. We recognize that virtually no
streams in Maryland are entirely undisturbed by human
activities. Atmospheric deposition of contaminants alone
reaches all parts of the State, few streams have natural
temperature regimes, and more than 1,000 man-made
barriers to fish migration have been documented in
Maryland. Therefore, our reference conditions should not
be viewed as completely natural or pristine. They are,
however, a representative sample of the best streams that
currently exist in the State. Whether these conditions are
the best attainable depends on future restoration activities
and the goals of DNR and the public.

By definition, reference conditions represent minimally
impacted conditions or those approximating “natural
habitats” While some have suggested that reference
conditions can be devel oped for particular situationswhere
human impact is evident, such as urban streams, we have
not taken this approach. Instead, reference sites were used
to establish appropriate expectations, based on minimally
impacted sites within a geographic region, and urban
streams are rated on the same scale as other sites in the
region. Although some urban streams may not be able to

recover to alevel comparable to the best natural habitats,
appropriate management goals could be set using some
intermediate 1Bl value as a desirable goal. This strategy
could be used to maintain or restore a heavily impacted
streamto alevel of biological conditionthat ispractical and
attainable, givenitshistory of degradation and current level
of watershed development.

52 INTERPRETING THE INDEX OF BIOTIC
INTEGRITY

Sites were evaluated using both the fish and benthic I1BIs
developed for the MBSS (for detailed methods, see Roth et
al. 1997 and Stribling et a. 1998). 1Bl scoresforthe MBSS
are determined by comparing the fish or benthic
assemblages at each site to those found a minimally
impacted reference sites. Three separate formulationswere
employed for the fish I1BI, one for each of three distinct
geographic areas. Coastal Plain, Eastern Piedmont, and
Highland (Figure 5-1). The two formulations used for the
benthic IBI cover the Coastal Plain and non-Coastal Plain
regions. Individual metricsfor thelBl arescored 1, 3, or 5,
based on comparison with the distribution of metric values
at reference sites (see Tables 5-1 to 5-4). For either the
individual metrics or total 1BI, a score of 3 or greater is
considered comparable to reference site conditions, while
scoresfalling bel ow thisthreshold differ significantly from
thereference conditions, asshown in Figure5-2. Scoresfor
the MBSSIBIsare calculated as the mean of the individual
metric scores and therefore range from 1to 5. Some other
programshave used asimilar approach (e.g., Weisberg et al.
1997), while others have instead computed the I1BI as the
total of individual metric scores. For example, Karr et al.
(1986) calculated IBI as the sum of 12 metric scores, with
totals ranging from 12 to 60 points.

Site-specific IBI results were used to estimate the extent of
non-tidal streams in good, fair, poor, and very poor
condition with respect to the biotic integrity of the fish or
benthic community. Table 5-5 contains detailed
descriptionsfor each of the IBI categoriesdevel oped for the
MBSS. The IBI score of 3 represents the threshold of
reference condition and thus was used to designate sites
known to be degraded (i.e., poor or very poor). The highest
scores were designated as good recognizing that reference
sitesmay not represent the highest attainable condition. The
assignment of scores to narrative categories is a useful
method for translating scores into a form that is easily
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The three geographic regions used for the derivation of the fish Index of Biotic Integrity: Coastal, Piedmont, and Highland.




Table 5-1. Metrics and scoring criteria for the recommended final fish IBI. Some metrics® were adjusted for
watershed area, based on linear relationships between the metric and log(watershed area)® in acres

Coastal Plain

Number of native species?

Number of benthic fish species?®

Number of intolerant species®

Percent tolerant fish

Percent abundance of dominant species

Percent generalists, omnivores, and invertivores
Number of individuals per square meter
Biomass (g) per square meter

Eastern Piedmont

Number of native species®

Number of benthic fish species®

Number of intolerant species®

Percent tolerant fish

Percent abundance of dominant species

Percent generalists, omnivores, and invertivores
Number of individuals per square meter
Biomass per square meter

Percent lithophilic spawners

Highland

Number of benthic fish species?

Number of intolerant species®

Percent tolerant fish

Percent abundance of dominant species

Percent generalists, omnivores, and invertivores
Percent insectivores

Percent lithophilic spawners

Scoring criteria
5 3 1

Criteriavary with stream size (see below)
Criteriavary with stream size (see below)
Criteriavary with stream size (see below)

<50 B50<x <93 >903

<33 33<x<78 >78

<92 92 <x <100 100
>0.79 042<x< 0.79 <042
>9.9 3.6<x<99 <3.6

Criteriavary with stream size (see below)
Criteriavary with stream size (see below)
Criteriavary with stream size (see below)

<41 41<x<65 > 65
<30 30<x<52 >52
<86 86 <x<99.7 >99.7
>0.81 0.35<x<0.81 <0.35
>80 3.7<x<80 <37
>62 22<x<62 <22

Criteriavary with stream size (see below)
Criteriavary with stream size (see below)

<28 28<x<71 >71
<49 49<x<91 >01
<49 49<x<92 > 92
>48 8<x<48 <8
>70 42<x<70 <42
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Table 5-1. Cont'd

@

Adjusted value = observed value/expected value, where expected value = m * log(watershed areain acres) + b.

Scoring criteria

5 3 1
Coastal Plain
Number of native species - Adjusted value >1.06 0.53<x<1.06 <0.53
Number of benthic fish species - Adjusted value >1.06 0<x<1.06 0
Number of intolerant species Adjusted value >0.34 0<x<034 0
Eastern Piedmont
Number of native species - Adjusted value >1.02 056 <x<1.02 <0.56
Number of benthic fish species - Adjusted value >0.99 0.50<x<0.99 <0.50
Number of intolerant species Adjusted value >0.59 0.18<x<0.59 <0.18
Highland
Number of benthic fish species - Adjusted value >1.03 0.33<x<103 <0.33
Number of intolerant species Adjusted value >0.73 0.23<x<0.73 <0.23

(b)

Slope and intercept values for selected metrics, based on linear regression relationships between metric and
log(watershed area) in acres

slope (m) inter cept(b)
Coastal Plain
Number of native species 6.5936 -13.0055
Number of benthic fish species 15743 -3.3929
Number of intolerant species 2.1485 -5.286
Eastern Piedmont
Number of native species 5.5701 -8.1135
Number of benthic fish species 1.3245 -2.6437
Number of intolerant species 4.4052 -8.8991
Highland
Number of benthic fish species 1.6067 -3.5202
Number of intolerant species 3.0723 -7.3029
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Table 5-2. Description of fish IBI metrics

Number of native species(adjusted for watershed area) - Total number of native fish species; adjusted
for watershed area (see Table 5-1b). Fisheswere classified as native or introduced to Chesapeake
Bay or Y oughiogheny/Ohio River drainage.

Number of benthic fish species (adjusted for watershed area) - The number of fish species that reside
primarily on the stream bottom, adjusted for watershed area (see Table 5-1b). Benthic fishes
include al darters (Etheostoma spp., Perca spp.), sculpins (Cottus spp.), madtoms (Noturus spp.),
and lampreys (Petromyzon spp., Lampetra spp.).

Number of intolerant species (adjusted for watershed area) - The number of fish species rated as
intolerant of anthropogenic stress, adjusted for watershed area. Tolerance ratings (intolerant,
tolerant) were based on statewide analysis comparing species occurrences with presence/absence
of anthropogenic stressors.

Percentage tolerant fish - Percentage of individuals rated as tolerant to anthropogenic stress.

Percentage abundance of dominant species - Percentage of individuals within the single most
abundant (dominant) species at a site.

Percentage generalists, omnivores, and invertivores - Percentage of individuals classified into the
trophic groups of generalist, omnivore, or invertivore; these are the most genera of all feeding
habits. Invertivores eat insects and other invertebrates including crustaceans, mollusks, and
worms. Omnivores consume two or more food types (insects, invertebrates other than insects,
fish, plankton, algae, vascular plants, and detritus) with the exception of the combination of
invertebrates and fishes. Generalists eat both invertebrates and fishes but not other food items.

Percentage insectivores - Percentage of individuals classified into the group insectivore; thisisa
specialized trophic group, feeding amost exclusively on insects.

Number of individuals per square meter - The number of individuals captured at a site, divided by the
surface areafished. Surface area was computed as length of stream fished (usually 75 m)
multiplied by average stream width.

Biomass (g) per square meter - Total massin grams of fish captured at a site, divided by the surface
area fished.

Percentage lithophilic spawners - Percentage of individuals reported to use rock substrates for
Spawning.
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Table 5-3. Metrics and scoring criteriafor the benthic IBI. From Stribling et al. 1998.

Scoring Criteria

5 3 1
Coastal Plain
Tota taxa >24 11<x<24 <11
EPT taxa 6 3<x<6 <3
% Ephemeroptera >11.4 2.0<x< 114 <20
% Tanytarsini of Chiron. >13.0 0.0<x<13.0 <0.0
Beck’ s Biotic Index >12 4<x<12 <4
Scraper taxa >4 1<x< 4 <1
% clingers >62.1 38.7<x< 62.1 <38.7
Non-Coastal Plain
Tota taxa >22 16<x<22 <16
EPT taxa >12 5<x<12 <5
Ephemeroptera taxa >4 2<x<4 <2
Dipterataxa >9 6<x<9 <6
% Ephemeroptera >20.3 5.7<x<20.3 <5.7
% Tanytarsini >4.8 0.0<x<4.8 <0.0
Intolerant taxa >8 3<x<8 <3
% tolerant <11.8 11.8<x<48.0 >48.0
% collectors >31.0 13.5<x<31.0 <135




Table 5-4. Description of benthic IBI metrics

Total number of taxa - Total number of benthic taxain the sample. This measures the overall variety
of the macroinvertebrate assemblage.

Number of EPT taxa - Number of taxa in the insect orders Ephemeroptera (mayflies), Plecoptera
(stoneflies), and Trichoptera (caddisflies).

Number of Ephemeroptera taxa - Number of mayfly taxa.

Number of Dipterataxa - Number of “true”’ fly taxa, including midges.

Percentage Ephemeroptera - Percentage of mayfly individualsin the sample.

Percentage Tanytarsini of Chironomidae - Percentage of chironomidsin the tribe Tanytarsini.
Percentage Tanytarsini - Percentage of Tantarsini midges to total faunain the sample.

Number of intolerant taxa - Number of taxa considered to be sensitive to perturbation (Hilsenhoff
values 0-3).

Percentage tolerant - Percentage of individualsin taxa considered tolerant of perturbation (tolerance
values 7-10).

Beck’ s Biotic Index - Weighted sum of intolerant taxa, equal to 2 x (number of Class 1 taxa + number
of Class 2 taxa), where Class 1 taxa have tolerance values 0 and 1, and Class 2 taxa have tolerance
valuesfrom 2 to 4.

Number of scraper taxa - Number of taxa that scrape food from substrate.

Percentage collectors - Percentage of individuals that feed on detrital deposits or loose surface films.

Percentage clingers - Percentage of individuals that are adapted for inhabiting flowing water, such as
riffles.
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communicated. Similar approacheshave beenusedin other
IBI applications (Karr 1991, Ohio EPA 1987, Ranasinghe
et al. 1996).

5.2.1 Special Considerationsin Interpreting | Bl Scores

Severa basins in Maryland contain streams that can be
classified as coldwater stream systems. Lyonset a. (1996)
and Leonard and Orth (1986) have pointed out the need to
modify the IBI for use with coldwater streams, to account
for their unique biological characteristics. Generaly,
high-quality coldwater streams are dominated by salmonid
species like brook trout and have lower overall species
richnessthan warmwater systemsof thesamearea. Inother
parts of North America, fish IBI scores for coldwater and
coolwater streams have been tailored to account for their
unique biological characteristics. The three regiona fish
IBlswereused to assessall MBSS sites. However, because
the IBI may underrate coldwater streams owing to their
naturally low species diversity, the presence of brook trout
was used as a secondary indicator in interpreting fish 1BI
scores. Sites where brook trout were present and fish 1B
scores were less than 3 were excluded from analysis and
reported as “not rated.” This situation was rare (14 sites)
compared to the total number of brook trout sites (70 sites).

Other types of natural variability should be considered in
applying the I1BI, especially in areas expected to differ in
speciesrichnessand diversity. Naturally acidic blackwater
streams may have lower speciesrichness and be dominated
by afew acid-tolerant species. A total of 24 MBSS sites

Table 5-5. Narrative descriptions of stream biological integrity associated with each of the IBI categories

Good IBI score4.0- 5.0 Comparable to reference streams considered to be minimally impacted. Fall
within the upper 50% of reference site conditions.

Fair IBI score3.0- 3.9 Comparable to reference conditions, but some aspects of biological integrity
may not resemble the qualities of these minimally impacted streams. Fall
within the lower portion of the range of reference sites (10th to 50th percentile).

Poor IBI score2.0- 2.9 Significant deviation from reference conditions, with many aspects of
biological integrity not resembling the qualities of these minimally impacted
streams, indicating some degradation.

Very IBI score1.0-1.9 Strong deviation from reference conditions, with most aspects of biological

Poor integrity not resembling the qualities of these minimally impacted streams,
indicating severe degradation.

wereidentified as blackwater streams, defined here assites
with either pH <5 or ANC < 200 peg/l and DOC > 8 mg/l.
Because of the concernfor possibly underrating blackwater
streams, the nine blackwater streams with fish IBI scores
lessthan 3 were excluded from analysis and were therefore
included in the category “not rated.” Maryland DNR is
considering devel oping separate |Blsfor more stream types
in the future.

Other factors that may affect fish IBI scores should be
considered ininterpreting scoresfor individual sites. Small
streamswith shallow stream channel smay naturally support
few species. Dams and other barriersto fish migration can
block access to formerly inhabited upstream areas. In
contrast, proximity of a site to a lake, pond, swamp, or
impoundment in a watershed can make a site more
accessible to lentic species not typically found in the small
streams sampled by the Survey. Nearnessto alarge river
confluence can similarly alter the pool of available species.
Finally, high speciesrichness owing to the presence of both
Coastal Plain and Piedmont species at sites along the Fall
Line may result in artificially high IBI scores in this
transitional area.

5.3 BIOLOGICAL INDICATOR RESULTS
5.3.1 Fish IBI Results
Fish IBI scores for sites sampled in the 1995-1997 MBSS

spanned thefull range of biological conditions, from 5.0 for
good streams to 1.0 for very poor streams. Site-specific
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datawere used to estimate the percentage of streammilesin
each of the four narrative categories. Estimates were
calculated by basin, by stream order, and statewide.

Statewide, the highest percentage of stream miles werein
fair condition (26% of stream milesinthestudy area), based
on hiological assessmentsusing thefish IBI. An estimated
20% of stream mileswerein good condition, 15% of stream
miles were in poor condition, and 14% were very poor. A
total of 74% of stream miles were rated. The remainder
were primarily very small headwater streams (<300 acre
watershed) where expectations of fish abundance and
diversity are too low for development of an effective
indicator. As would be expected, all the watersheds less
than 300 acres occurred among first-order streams, most
notably in western Maryland. Ingeneral, the sampleframe
included more streamswith small watershedsinthewestern
part of the state, wherethe density of streamsisgreater. An
estimated 63% of first-order stream mileswere assigned an
IBI score, while 98% of both second- and third-order
streams were rated.

Of the 17 basins sampled in the Survey, 14 had fish IBI
scores spanning the full range of values from good to very
poor. The basins that did not contain the full range of
scores included the eastern Maryland basins: Gunpowder,
Bush, Elk, Choptank (1996 sampling), Nanticoke/-
Wicomico, and Pocomoke basins. These basins each had
no sites that were rated as very poor. In addition, the
Choptank (1996 sampling) also had no stream miles rated
as poor, while the remaining five basins had only a small
percentage of sites rated poor (less than 25%). The basin
with the highest percentage of stream miles rated as good
was the Elk (38%), while the basin with the highest
percentage of stream milesrated asvery poor wastheNorth
Branch Potomac (29%). Figures 5-3, 5-4, and 5-5 and
Table5-6 show abreakdown of fish IBI scoresby basinand
streamorder. A statewide map showsthegeographic distri-
bution of IBI scores for each drainage basin (Figure 5-6).

First-order streamshad asmaller percentage of streammiles
in the good and fair categories, and a greater percentage
rated very poor, than did larger streams. This most likely
indicates more highly impacted conditions in first-order
streams across these basins, or may also reflect atendency
for the IBI to underrate small streams, even though scoring
already accounts for some effects of watershed size.
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5.3.2 Benthic I Bl Results

Benthic macroinvertebrate 1Bl scores for sites sampled in
the 1995-1997 MBSS spanned the full range of biological
conditions, from 5.0 for good streamsto 1.0 for very poor
streams.  Site-specific data were used to estimate the
percentage of stream miles in each of the four narrative
categories. Estimates were calculated by basin, by stream
order, statewide.

Statewide, the largest percentage of the stream miles were
in fair condition (38% of stream miles) , based on
biological assessmentsusing the benthic IBI. An estimated
11% were in good condition, 26% were poor, and 25%
werevery poor. A total of 99.4% of streamswere assigned
benthic IBI scores. Because some metricsused to calculate
the benthic 1Bl may not perform well when subsamples
contain low numbers of individuals, the land use, water
chemistry, physical habitat, and sample processing data
from MBSS sites with less than 60 individuals were
examined to determineif low numberswere likely aresult
of sampling error or stream quality. A benthic IBI score
was calculated for sites of obviously poor quality. The
small percentage of sites for which low numbers of
individuals could be attributed to sampling error were not
assigned a benthic IBI and were therefore included in the
“not rated” category.

Of the 17 basins sampled in the Survey, 13 had benthic I BI
scores that spanned the full range of values from good to
very poor. The basinsthat did not contain the full range of
scores were the Middle Potomac, Bush, Susquehanna, Elk,
and Choptank (1997 sampling) basins. Of these, theMiddle
Potomac, Bush, Elk and Choptank (1997 sampling) basins
each had no sites with IBI scores rated as good, while the
Susquehanna had no sites that rated as very poor. In
addition, the Pocomoke basin showed only 0.3% of stream
milesrated asgood. The basinwith the greatest percentage
of stream miles rated good was the 1995 sampling of the
Y oughiogheny (44%). The West Chesapeake (70%) and
Pocomoke (69%) basins show the greatest percentage of
stream milesthat rated very poor. Figures5-7, 5-8, and 5-9
and Table 5-7 show a breakdown of benthic IBI scores by
basin and stream order. A statewide map (Figure 5-10)
shows the geographic distribution of site IBI scores
throughout the sample area.
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Figure 5-3. Geographic distribution of fish Index of Biotic Integrity scores for basins sampled in the 1995-97 MBSS, as the percentage of stream milesin each
category: 4.0-5.0good, 3.0 - 3.9 fair, 2.0 - 2.9 poor, and 1.0 - 1.9 very poor. No IBI score was assigned to sites with watershed area < 300 acres.



Fish IBI by Basin

Statewide }

|

Youghiogheny 95 _‘ _ I Very Poor

Youghiogheny 97 _\ | E Egﬁr

No Br Potomac L | E Not Rated
Upper Potomac I- |
Middle Potomac _\ |
Potomac Wash M _ |
Lower Potomac _\ _
Patuxent e
West Chesapeake |
Patapsco 97 I-:|
Gunpowder _ |
Bush ] I
Susquehanna | |
Choptank 97 _:|
Nanticoke/Wicom I. |
Pocomoke |- |
! ! ! ! |

0 20 40 60 80 100
Percent of Stream Miles
Figure 5-4. Fish Index of Biotic Integrity (IBI) scores for basins sampled in the 1995-97 MBSS, as the percentage of

stream milesin each category: 4.0 - 5.0 good, 3.0 - 3.9 fair, 2.0 - 2.9 poor, and 1.0 - 1.9 very poor. No IBI
score was assigned to sites with watershed area < 300 acres.

5-12



Fish IBI by Stream Order

100
I Very Poor
[ Poor
80 - 1 Fair
= Good
@ [ Not Rated
E
e 60
)
o
n
S
I= 40
(]
o
[]
o
20
0
1 2 3 Statewide
Stream Order
Figure 5-5. Fish Index of Biotic Integrity (IBI) scores by stream order, for basins sampled in the 1995-97 MBSS, as the

percentage of stream miles in each category: 4.0 - 5.0 good, 3.0 - 3.9 fair, 2.0 - 2.9 poor, and 1.0 - 1.9 very
poor. No IBI score was assigned to sites with watershed area < 300 acres.
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Table 5-6. Estimated percentage of stream milesin each fish IBI category for basins sampled in the 1995-1997 MBSS

Std. " Std. " Std. " Very Std. %
Good Error Fair Error Poor Error Poor Error Rated
Basin

Y oughiogheny 1995 26.7 10.6 23.9 9.3 17.2 8.9 12.4 6.9 80.1
Y oughiogheny 1997 20.4 8.3 23.6 4.9 2.4 1.8 20.1 9.3 66.5
North Branch Potomac 18.9 6.5 8.8 2.8 11.7 5.8 29.1 8.3 68.6
Upper Potomac 8.0 3.8 18.4 5.3 9.4 2.6 22.9 6.8 58.7
Middle Potomac 18.5 3.8 21.6 4.4 14.7 4.8 18.9 5.4 71.7
Potomac Washington Metro 15.5 4.9 27.0 6.8 12.4 4.8 16.9 6.1 73.7
L ower Potomac 33.3 8.0 19.6 7.6 10.5 5.7 12.9 6.6 76.4
Patuxent 14.3 3.6 23.4 5.7 31.0 6.7 9.0 4.3 77.6
West Chesapeake 9.3 7.9 7.6 2.8 8.4 3.3 12.4 8.2 37.7
Patapsco 1995 32.3 7.6 21.7 7.1 14.5 5.3 8.6 4.9 83.1
Patapsco 1996 10.7 4.0 37.7 7.9 6.0 3.5 25.6 7.4 80.1
Gunpowder 21.1 7.1 24.9 6.3 14.1 6.7 0.0 0.0 60.1
Bush 334 12.1 20.4 11.8 25.0 14.6 0.0 0.0 78.8
Susguehanna 26.6 7.0 22.7 9.9 15.1 8.4 11.9 8.1 76.3
Elk 37.8 14.8 30.7 14.8 21.0 14.3 0.0 0.0 89.5
Chester 21.7 8.6 35.2 11.2 20.5 9.7 5.6 5.6 83.1
Choptank 1996 334 15.1 55.9 18.7 0.0 0.0 0.0 0.0 89.3
Choptank 1997 14.7 5.1 311 16.5 23.2 14.3 10.4 10.3 79.3
Nanti coke/Wicomico 3.9 2.2 69.6 19.1 18.1 11.6 0.0 0.0 91.6
Pocomoke 12.5 9.8 48.1 17.4 9.7 9.7 0.0 0.0 70.4

Stream Order
1 12.3 7.7 20.8 7.1 14.9 6.2 15.2 8.0 63.2
2 33.6 7.9 36.4 8.6 14.2 5.9 13.9 8.4 98.1
3 41.1 12.1 38.2 10.2 12.6 6.4 5.8 4.8 97.8
Statewide 19.5 7.1 25.7 5.5 14.5 5.0 14.0 7.0 73.8




q1-g

Fish IBI
Good

Fair

Poor

Very Poor

Figure 5-6.

Geographic distribution of fish Index of Biotic Integrity (I1BI) scores throughout the study area, including the statewide distribution of the percentage
of stream miles with fish in each category: 4.0 - 5.0 good, 3.0 - 3.9 fair, 2.0 - 2.9 poor, and 1.0 - 1.9 very poor. No IBI score was assigned to sites
with watershed area < 300 acres.
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Figure5-9.  Benthic Index of Biotic Integrity (I1BI) scores by stream order, for basins sampled in the
1995-97 MBSS, asthe percentage of stream milesin each category: 1Bl 4.0- 5.0 good, 3.0 -
3.9fair, 2.0 - 2.9 poor, and 1.0 - 1.9 very poor
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Table 5-7. Estimated percentage of stream milesin each benthic IBI category for basins sampled in the 1995-1997 MBSS

Good Std. Error Fair Std. Error Poor Std. Error || Very Poor Std. Error || % Rated
Basin
Y oughiogheny 1995 44.1 11.1 50.8 11.3 3.2 1.7 1.9 1.0 100.0
Y oughiogheny 1997 24.2 9.0 54.7 11.3 14.2 7.5 6.1 5.3 99.2
North Branch Potomac 7.7 3.9 60.2 9.1 17.8 6.3 13.6 5.4 99.4
Upper Potomac 16.0 5.3 41.9 7.7 30.3 7.3 11.0 5.1 99.2
Middle Potomac 0.0 0.0 27.8 6.0 33.7 5.7 37.9 6.7 99.3
Potomac Washington Metro 7.8 4.3 26.6 6.7 29.3 7.4 36.3 7.9 100.0
Lower Potomac 16.3 5.6 40.0 9.3 29.7 8.8 13.0 6.3 99.0
Patuxent 8.8 34 33.1 6.4 35.5 6.9 22.6 6.0 100.0
West Chesapeake 0.5 0.5 3.9 1.8 25.8 10.2 69.8 16.8 100.0
Patapsco 1995 13.7 5.9 53.3 9.2 16.7 6.1 16.2 5.5 100.0
Patapsco 1996 4.2 3.3 27.0 7.4 26.0 7.0 41.5 8.2 98.7
Gunpowder 18.7 7.6 62.5 9.8 14.8 6.8 4.0 4.0 100.0
Bush 0.0 0.0 16.5 10.6 275 11.8 45.8 16.3 89.8
Susguehanna 14.9 7.9 70.0 11.7 15.0 7.8 0.0 0.0 100.0
Elk 0.0 0.0 33.0 14.8 46.0 17.3 21.0 14.3 100.0
Chester 9.9 5.6 26.5 9.0 28.5 10.5 35.2 11.3 100.0
Choptank 1996 10.6 8.5 13.1 8.5 28.4 12.9 47.9 14.8 100.0
Choptank 1997 0.0 0.0 22.7 10.6 32.8 13.2 44.5 14.2 100.0
Nanti coke/Wicomico 12.3 8.6 271.7 13.8 26.4 13.8 335 15.4 100.0
Pocomoke 0.3 0.3 11.5 7.4 18.5 10.1 69.2 14.5 99.7
Stream Order
1 10.1 6.5 35.6 9.4 26.0 6.8 28.0 11.2 99.7
2 12.8 3.8 42.8 14.7 24.9 6.5 18.1 9.9 98.6
3 11.4 6.2 42.1 9.4 25.2 8.4 20.0 6.9 98.7
Statewide 10.8 5.0 37.7 10.0 25.7 5.5 25.3 9.7 994
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Figure 5-10. Geographic distribution of benthic Index of Biotic Integrity (1BI) scores throughout the study area, including the statewide
distribution of the percentage of stream miles with benthic 1Bl scoresin each category



First-order streams sampled throughout the state had a
smaller percentage of stream miles in the good and fair
categories, and a greater percentage rated very poor, than
did larger streams. Again, this may be indicative of more
highly impacted conditionsin first-order streams.

5.3.3 The Hilsenhoff Bictic I ndex

The Hilsenhoff Biotic Index (Hilsenhoff 1977, 1987, 1988;
Klemm et a. 1990; Plafkin et al. 1989) was also used asan
indicator of the biological condition of streams surveyed.
Thelndex evaluatespollutiontolerance, primarily tolerance
toorganic pollution. Hilsenhoff Biotic Index scorestendto
increase with degradation. A tolerancevaueof 0to 10is
assigned to each taxon collected; theindex is calculated as
an averagetolerance value for the assemblage, weighted by
the abundance of each taxon. Currently, tolerance values
for Maryland benthic taxa are derived primarily from
research in the Midwest (Hilsenhoff 1987), New York
(Bode 1988), and North Carolina (Lenat 1993).

Although the Hilsenhoff Biotic Index is most useful for
discerning degradation dueto organic pollution, and hasnot
been calibrated specificaly for Maryland, it provides an
additional means of applying threshold valuesto determine
degradation. The original Hilsenhoff scale contained
threshold values for six categories of degradation. Bode
and Novak (1995) modified this scale to include four
categoriesranging from non-impacted to severely impacted.
For the purposes of this Survey, these four categories were
adopted with narrative ratings assigned as follows:

e Scoresof 0to 4.5 are rated good

e Scoresof 4.51to 6.5 arerated fair

e Scores of 6.51 to 8.5 are rated poor

o Scoresof 8.51t0 10.0 arerated very poor

Hilsenhoff scores at MBSS sites ranged from 0.41 to 9.97.

Statewide, the greatest percentage of stream mileswerein
fair condition (42%). An estimated 36% were in good
condition, 16% were in poor condition, and 3% were very
poor based on the Hilsenhoff Biotic Index. Three percent
of stream miles were not rated. Sites were not used in the
calculation of the Hilsenhoff Biotic Index if they contained
too few individuals for the Index to be meaningful. Seven
basins contained stream miles that rated in very poor
condition: the North Branch Potomac, Middle Potomac,
Patuxent, Patapsco (1996 sampling), Bush, and Choptank
(1997 sampling), and the Potomac Washington Metrobasin
with the highest percentage of stream miles rated as very

poor (12%). With the exception of the Pocomoke and the
Choptank (1997 sampling) basins, each basin had some
stream miles rated as good, with the highest percentage in
the 1997 sampling of the Gunpowder basin (88%). Figures
5-11 and 5-12 show the breakdown of Hilsenhoff Biotic
Index scores by basin and by stream order.

54 COMPARISON OF FISH AND BENTHIC
ASSESSMENTS

For the 17 basins sampled during the 1995-1997 MBSS,
there was a significant linear relationship between fish 1BI
scores and benthic 1Bl scores, although there was a large
amount of variation when datafrom all basins were pooled
(linear regression, p < 0.001, r>=0.12). When basins were
examined individually, there was a significant linear
relationship between fish IBI and benthic IBI in nine of the
basins sampled (r?=0.11 to 0.42). For example, the
Patapsco basin showed arelationship between the fish and
benthic IBI (Figure 5-13; r>=0.34). In thisbasin, sites that
had low fish IBI scores also had low benthic IBI scores.
Therearesevera likely reasonsfor the differences between
thefish IBI and the benthic IBI results. Thefirst isthat the
different IBl scores may reflect different responses to
stressors (i.e., pollution or physical habitat degradation) by
the two groups of organisms. For example, fish are more
mobile than benthic organisms and may be better able to
temporarily avoid a stress upon stream water quality. Fish
can live in awide variety of habitats, so some of the low
benthic IBI scores may reflect natural conditions where
prime benthic habitat (e.g., well-aerated riffles) does not
exist. In other situations, benthos may be more directly
affected by habitat degradation that causes sedimentation or
even movement of unstablesubstrates. Finally, dueto small
watershed size, 98 siteswere not rated for thefish IBI. All
of these siteswere assigned benthic IBI scores (the majority
of which were rated poor or very poor), resulting in
differences in the percentages of stream milesin each IBI
category. In acomparison of results at all sites statewide,
fish and benthic IBI scores for the same site were most
often within 1.0 IBI unit of one another. The fish IBI
tended to be dightly higher than the benthic IBI,
particularly in second- and third-order streams. Regional
differences did not appear to explain differences, as these
results were consistent across all regions (Coastal Plain,
Piedmont, and Highland).

For the 17 basins there was aso a significant linear
relationship between fish IBI scores and the Hilsenhoff
Biotic Index, although therewasalarge amount of variation
when data from all sampled basins were pooled
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Hilsenhoff Biotic Index by Basin
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Figure5-11. Hilsenhoff Biotic Index scoresfor basins sampled in the 1995-97 MBSS, as the percentage
of stream miles in each category: O - 4.5 good, 4.51 - 6.5 fair, 6.51 - 8.5 poor, and 8.51 -
10.0 very poor
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Hilsenhoff Biotic Index by Stream Order
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Figure5-12. Hilsenhoff Biotic Index scores by stream order, for basins sampled in the 1995-97
MBSS, as the percentage of stream milesin each category: 0 - 4.5 good, 4.51 - 6.5

fair, 6.51 - 8.5 poor, 8.51 - 10.0 very poor

(linear regression, p<0.001, r>=0.021). As expected, this
relationship was a negative one, given that IBl scores
decrease with increased degradation while Hilsenhoff
scoresincrease. When basinswere examined individually,
there was asignificant linear relationship between fish I Bl
and Hilsenhoff Biotic Index in eight of the basins sampled
(r*=0.05 t0 0.49).

It was expected that there would be arelationship between
the benthic IBI and the Hilsenhoff Biotic Index, as both
measure the quality of the benthic invertebrate community
inastream. A significant linear relationship does indeed

exist between the two indicators for al basins sampled
(linear regression, p < 0.001, r’=0.35). Again, the
relationship was a negative one given that 1Bl scores
decreasewith degradationwhile Hilsenhoff scoresincrease.
When basins were examined individually, there was a
significant linear relationship between benthic 1Bl and
Hilsenhoff Biotic Index in 13 of the basins sampled
(r*=0.13 to 0.74). For example, there was a relatively
strong relationship in the Patuxent basin (Figure 5-14;
r’=0.42). Ingeneral, sitesinthisbasinthat had low benthic
IBI scores also had high Hilsenhoff Biotic Index scores.
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BENTHIC IBI VS FISH IBI
Patapsco Basin
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Figure 5-13. Relationship between fish IBI and benthic 1Bl for the Patapsco basin (linear
regression, p < 0.001, r*=0.34)
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6 ACIDIFICATION

One of the primary objectives of the 1995-1997 Maryland
Biological Stream Survey (MBSS or Survey) isto assess
the effect of acidic deposition on the biological resources of
Maryland streams. Acidification is known to have
detrimental effects on fish and other aquatic biota (Baker
and Christensen 1991), both from direct effects of low pH
and through toxic effects resulting from increases in heavy
metal concentrations (e.g., aluminum and mercury) that
leach from the soils. Because the Survey collects both
biological and water chemistry data, it has the ability to
measure not only the extent of acidificationin Maryland but
also the extent of potential impacts on aquatic biological
communities. This chapter examines statistical
rel ationshipsbetween acidification and biological condition
in benthic macroinvertebrate, fish, and amphibian and
reptile communities.

6.1 BACKGROUND

The effects of acidic deposition on stream chemistry are
well documented. Maryland's 1987 Synoptic Stream
Chemistry Survey (MSSCS; Knapp et al. 1988) concluded
that approximately one-third of all headwater streams in
Maryland are sensitiveto acidification or arealready acidic.
Research has demonstrated that the vulnerability of stream
systems to acidic deposition depends on watershed
hydrology and the ability of the vegetation, soils, and
bedrock within the watershed to buffer acidic inputs.

The defining characteristics of surface waters sensitive to
acidification are low to moderate pH and acid neutralizing
capacity (ANC). pH isameasure of the acid balance of a
stream. The pH scale ranges from 0O to 14, with pH 7 as
neutral. Low to moderate pH (< 6) signifies high acidity.
ANC isameasure of the capacity of dissolved constituents
inthewater to react with and neutralize acidsand isused as
an index of the sensitivity of surface water to acidification.
The higher the ANC, the more acid a system can assimilate
before experiencing a decrease in pH. Repeated additions
of acidic materials can cause adecrease in ANC. In many
acidic deposition studies (e.g., Schindler 1988), an ANC of
200 weg/l is considered the threshold for defining acid-
sensitive streams and lakes.

Alternatively, a stream’ s sensitivity to acid deposition can
be measured using “indicator organisms’ that are selected
asrepresentatives of community health. Inarecent study of
acid deposition impacts in Maryland streams (Janicki et al.

1991), the sensitivity of an indicator specieswas expressed
as the critical pH at which half or more of the population
experiences acute or chronic effects. The level of acid
deposition which results in the critical pH is known as the
“critical load.” In the critical loads study, information on
soil buffering ability was combined with MSSCS ANC
values to estimate critical loads at specific sites across the
state. Critical load results revealed wide differencesin the
sensitivity of Maryland streamsin different provinces:

»  TheAppalachian Plateau, Coastal Plain and portionsof
the Blue Ridge are very sensitive (critical load values
< 0.5 keg SO /halyear or 24 kg SO,/halyear).

* In contragt, the Valey and Ridge, Piedmont, and
portionsof the Blue Ridge regionsexhibit critical |oads
well over 2.0 keq SO/halyear (96 kg SO,/halyear).
These are areas where limestone bedrock and derived
soils are prevalent.

These critical loads values provided the basis for a
reassessment of acidic deposition in 1998 (Miller et al.
1998). When measured sulfate deposition was compared
with critical loads, the results suggested that streams
continue to be impacted in some areas of the State despite
recent reductions in industrial sulfate emissions, a finding
consistent with stream chemistry measured inthe 1995-1997
MBSS.

Acidification is known to cause declines in both the
diversity and abundance of fish populations. Current
evidence indicates that the number of aquatic taxa in an
ecosystem usually declineswithincreasing acidity (Eilerset
al. 1984, Millsand Schindler 1986, Stephenson and Mackie
1986). In areview of pH effects on aquatic biota, Baker
and Christensen (1991) report a number of critical
thresholds at which certain fish populations are affected.
Many streams in Maryland have pH values below critical
levels, with critical pH values for inland species ranging
from5.0t0 6.5 (Baker et al. 1990a; Morgan et al. 1991). For
instance, several bass and trout species have a reported
critical threshold of pH 5.0-5.5, while a number of more
sensitive cyprinid and darter species are adversely affected
at pH 5.5-6.0. Acid-tolerant species, such as the yellow
perch (Perca flavescens), can survive at pH levelsof 4.5 or
lower. Eastern mudminnow (Umbra pygmaea) have been
found in waters with pH 4.0 or lower (Jenkins and
Burkhead 1993).
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The primary mechanismsfor fish popul ation declinesunder
acidic conditionsinclude both recruitment failure (owing to
increased mortality of early life stages) and direct effectson
adult survival. One of the physiological effects observed
when pH decreases is the disruption of the normal internal
ionic salt balance, which causes the fish to lose salt to the
surrounding water. 1f the salt losses exceed intake, fish go
into shock, lose equilibrium and eventually die. Acidic
waters can al so inhibit the devel opment of fish reproductive
organs and facilitate the development of a mucous that
suffocates eggs and fry (Eno and Di Silvestro 1985). The
loss of entire fish populationsin abnormally acidic streams
or lakesusually occurs because of successivefailuresinthe
reproductive cycle. Other detrimental effects are caused by
the increased concentrations of metal ions that result from
acidification (e.g., from the leaching of aluminum and the
formation of methylmercury).

In addition to potential long-term (chronic) acidification,
streams in Maryland are susceptible to rapid, short-term
increases in acidity (episodic acidification) related to
precipitation, snow melt, and stormflow events(Greening et
al. 1989; Gerritsen et al. 1992; Wigington et al. 1993). One
study estimates that 50% more streams in the northern
Appalachian Plateau of Western Maryland probably
experience the del eterious effects of episodic acidification
thanarechronically acidified (Eshleman 1995). Spatial and
temporal variability of acidic conditionsareimportant tothe
magnitude of effects on aquatic biota. For example, a pulse
of episodic acidification during juvenile recruitment could
have a greater effect on a fish population than it would at
other times of the year. The highest levels of acidity in
Maryland streams have been recorded in the spring, when
many fish, including economically important anadromous
fish species of the Chesapeake Bay, enter the freshwater
portions of coastal streamsto spawn. Large-scalefishkills
frequently result when snow melts and large quantities of
acidic materials are released into rivers and streams (Eno
and Di Silvestro 1985).

Because many invertebrate taxa are also sensitive to
acidification, detrimental effects on food webs may occur
well before direct toxicity tofishisevident (Schindler et al.
1989, Gill 1993). Benthicinvertebratetaxarichnessmay be
reduced as a result of acidification (Ford 1988). Often
sometaxaarelost asaresult of acidity, but thislossmay be
compensated for by an increasein numbers of acid-tolerant
species, resulting in little or no decreasein overall biomass
(Eriksson et al. 1980, Dixit and Smol 1989). Several
invertebrate taxa— notably mollusks, crustaceans, leeches,
mayflies, some species of water striders, caddisflies,
damselflies, dragonflies, and cladocerans— are sensitiveto
acidification and become scarce or disappear between pH
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5.0 and 6.0 (Havasand Hutchinson 1982, Eilerset al. 1984,
Raddum and Fjelheim 1984, Ormerod and Tyler 1986,
Bendell 1988, Bendell and McNicol 1987).

The Survey provides an opportunity to examine the
influences of acidic deposition on fishes and other biotain
non-tidal streams. Results from the 1995-1997 MBSS
sampling are presented below.

6.2 EXTENT OF THE ACIDIFICATION PROBLEM
6.2.1 Low pH

In evaluating the influence of acidification on stream
biological communities, it is important to determine the
extent and distribution of acidic and acid-sensitive streams.
During spring sampling, an estimated 2.6% of the stream
milesacrossthe 17 basins sampled inthe 1995-1997 MBSS
had pH lessthan 5, while another 6.4% had pH 5-6 (Figure
6-1). Low spring pH was most common in the Pocomoke
basin, where about 34% of stream miles had pH lessthan 5
and 28% of stream miles had pH 5-6. Summer field
sampling results were similar: across the 17 basins an
estimated 1.8% of the stream miles had pH less than 5,
while 4.1% had pH 5-6. Of the 17 basins sampled in the
MBSS, 10 experienced low pH during summer sampling
and 13 did during spring sampling. Thelowest summer pH
was observed in the North Branch Potomac basin, where
about 16% of the stream miles had summer pH lessthan 5
and 1% had summer pH 5-6 (Figure 6-2).

Small streams, particularly first-order streams, appeared to
be most susceptible to low pH conditions, with the highest
percentage of stream milesin the low pH classes. None of
the third-order sites sampled had spring pH < 5. During
spring, only 2.7% of third-order stream miles had pH 5-6,
compared to 8.4% of first-order stream miles. Likewise,
only 1.6% of third-order stream miles sampled in summer
had pH <6, compared to 7.3% of first-order stream miles.

6.2.2 Low Acid Neutralizing Capacity (ANC)

Although pH is the most commonly used measure of
acidification, ANC is a better overal measure of
acidification and acid sensitivity, because it also indicates
which systemsarelikely to become acidified under episodic
conditions. The following critical ANC values were used
to characterize streams according to acid sensitivity: <0
weg/l (acidic), 0 < ANC < 50 weg/l (highly sensitive to
acidification), 50 < ANC < 200 weq/l (sensitive to
acidification), and > 200 n.eg/l (not sensitiveto



Spring pH

Statewide B <5

= 5-6
Youghiogheny 95
Youghiogheny 97

No Br Potomac
Upper Potomac
Middle Potomac
Potomac Wash M
Lower Potomac
Patuxent

West Chesapeake
Patapsco 95
Patapsco 96 |.
Gunpowder

Bush

Susquehanna |-

Elk -

Chester
Choptank 96
Choptank 97

Nanticoke/Wicom

Pocomoke

70 80 90 100
Percent of Stream Miles

Figure 6-1. Percentage of stream miles with low pH by basin (spring pH), for basins sampled in the 1995-
1997 MBSS
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acidification). A number of questions about stream
acidification can be answered with MBSS results.
Statewide, an estimated 28% of the stream mileswereacidic
or acid-sensitive, including about 2% acidic, 4% highly
sensitive, and 22% sensitive to acidification. Five basins
had greater than 50% of stream mileswith ANC < 200: the
Lower Potomac (79%), Pocomoke (66%), North Branch
Potomac (64%), Y oughiogheny (63% in 1997 sampling),
and Choptank (62% in 1996 sampling). The Susguehanna
and Patapsco basins had no sites with ANC < 200. The
percentage of acid sensitive, highly sensitive, and acidified
stream miles in each basin is shown in Figure 6-3.

Statewide, the estimated percentage of stream miles with
ANC < 0was 3% of first-order stream miles, 2% of second-
order, and 0% of third-order stream miles. The estimated
percentage of stream miles with ANC < 200 was 31% of
first-order, 21% of second-order, and 20% of third-order
stream miles.

6.3 SOURCESOF ACIDITY

In estimating the extent of acidification of Maryland
streams, it is important to understand how  acidic
deposition, acid mine drainage, agricultura runoff, and
natural organic materials contribute to the observed
acidification. Acidic deposition is the contribution of
material from atmospheric sources, both as precipitation
(wet) and particulate (dry) deposition. Acidic depositionis
generally associated with elevated concentrations of sulfate
and nitrate in precipitation. Acid mine drainage (AMD)
results from the oxidation of iron and sulfur from mine
spoils and abandoned mine shafts and is known to cause
extreme acidification of surface waters. Streams strongly
impacted by AMD exhibit high levels of sulfate,
manganese, iron, and conductivity. A third source of
acidification is surface runoff from agricultural lands that
arefertilized with high level sof nitrogen or other acidifying
compounds. Lastly, the natural decay of organic materials
may contribute acidity in the form of organic anions, asin
blackwater streams associated with bald cypress wetlands.
Streams dominated by organic sources of acidity are often
characterized by high concentrations of dissolved organic
carbon (DOC > 8 mg/l) and organic anions. Water
chemistry data may be analyzed to distinguish among the
four sources of acidity potentialy affecting sitesin the 17
basins sampled in the 1995-1997 MBSS.

Sources of acidification in Maryland streams have been
examined in previous DNR studies using water chemistry
data from the MSSCS and other regiona surveys. In a
study of Maryland Coastal Plain streams, Janicki (1991)

reported a predominance of low ANC conditionsand found
that differencesin stream chemistry within the region were
related to land use. In particular, ANC tended to be higher
in watersheds dominated by agriculture. Agricultural
activities in Coastal Plain watersheds can have different
effects on stream chemistry, adding both ANC (from soil
liming practices) and strong acid anions (from nitrogen
fertilizers) (Janicki et al. 1995). Janicki and Wilson (1994)
estimated that acidic deposition wasthe dominant source of
acidity in about 45% of the low ANC streams in the
Maryland Coastal Plain, while combined inputsfrom acidic
deposition and agricultural sources affected about 55% of
the streams. In Maryland's Appalachian Plateau and Blue
Ridge regions, where there are also asignificant number of
acidic and acid-sensitive streams, bedrock geology was an
important factor in determining stream response to acidic
deposition, according to anayses by Janicki (1995).
Atmospheric deposition was identified as the major source
of acidification in the Appalachian Plateau and Blue Ridge
streams. Organic acids and agricultural sources did not
appear to be major contributorsto acidification in Western
Maryland streams. The analyses by Janicki (1995) did not
include effects of acid mine drainage.

For the MBSS, a new analysis was conducted to estimate
the extent of impacts by acidic deposition, acid mine
drainage, agricultural runoff and organic sources. Water
chemistry datafrom siteswith low ANC (< 200 weq/l) were
examined to identify dominant sources of acidification
(Figure 6-4) and to estimate the percentage of stream miles
impacted by each. Results were compared by river basin,
because different acidity sources were expected to be
important in the eastern and western parts of the State.

Instream concentrations of sulfate and nitrate ions are
important indicators of acid sources. For areas near the
ocean, however, analyses of stream chemistry need to
account for contributionsof sulfatesfrom airborne seasalts.
In our analysis, measured instream sulfate concentrations
were corrected for sea salt influence, which decreases with
distance from the coast. The amount of marine sulfate is
related to level s of marine chloride, which can be estimated
from a site’ s distance from the coast. Because the MBSS
doesnot directly measure chloride concentrations, estimates
of sea salt sulfate and chloride concentrations were made
using the following relationships derived for Mid-Atlantic
streams by the National Stream Survey (Baker et a. 1990b,
Kaufmann et al. 1992):

In(Cl" &, )= 5.4328 - 0.0180* Dist + 0.00004* Dist?

sea salt corrected SO, = SO, gpeerven) - 0.013*Cl"
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where Cl" ., = concentration of sea salt derived chloride
(uegfl), Dist = distance from the coast (km), and SO,*
(observed) = Observed sulfate concentration (w«eg/l). The sea
salt correction was made only for MBSS sites within 200
km of the ocean. Beyond 200 km, streams are assumed to
have no sea salt contributions (Baker et al. 1990b).

In Western Maryland streams, sulfate concentrations were
used to distinguish MBSS sites having AMD as the
dominant source of acidification from those dominated by
acidic deposition. Based on results of previous studiesin
Mid-Atlantic Highlands streams (Kaufmann et al. 1992,
Herlihy et a. 1990), thresholds were established to
distinguishwhich siteswere affected by AMD. For al sites
in the Youghiogheny and North Branch Potomac River
basins with ANC less than 200 wneg/l, those with sulfate
concentrations greater than 500 w.eq/l were designated as
dominated by AMD. Siteswith sulfatein the 300-500 w.eq/|
range were considered affected by both AMD and acidic
deposition.

Ancillary field evidence of mineinfluencewasrecorded for
each dite in the 1995-1997 MBSS and used as an
independent data set to assess the accuracy of the AMD
classification. This included field observations and other
known evidence of past or present mine activity or of AMD
problems, asidentified by the Western Maryland field crew
leader (Kline 1998, personal communication). Thepresence
of mine evidence at a site is important because it can be a
source of physical degradation even where AMD does not
occur. For instance, 6 sites in the Survey showed field
evidence of mine influence but had ANC values > 200
weg/l. Among the 18 sites that were classified as AMD-
dominated (using water chemistry), 11 showed conclusive
visual evidence of mine influence, 1 showed possible
influence, and 6 showed no evidence of mine influence.
Among the 15 sitesthat were classified asAMD and acidic
deposition influenced, none showed conclusive visual
evidence of mine influence, 9 showed possible influence,
and 6 showed no evidence of mine influence. For those
sites that were classified as AMD-dominated, sulfate
concentrations ranged from 526 to 10,831 wn.eq/l.

To evauate the influence of natural organic acids or
fertilizers, organic anion concentrationswere cal culated for
all sitesfrom measured concentrations of dissolved organic
carbon (DOC) and pH, using methods devel oped by Oliver
(1983). Sites with ANC < 200 weqg/l were screened for
organic acidity asthe dominant source of acid influence. If
organic anion concentrations at a site were greater than the
total concentration of nitrate and sea-salt corrected sulfate,
organic acids were considered the dominant source of
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acidification (Kaufmann et al. 1992). Sites with low
organic anion concentrations (less than the sum of nitrate
and sulfate concentrations) and high DOC values (> 8mg/l)
were considered affected by both organic anions and acid
deposition. This technique provides a more accurate
assessment of organic acidity than is possible using DOC
values alone.

High nitrate levels (especialy in excess of sulfate levels)
often indicate agricultural influence. All siteswith ANC <
200 neg/l were screened for agricultural influence using
criteriadeveloped specifically for theMBSS. Correlations
among nitrate nitrogen concentration, upstream land useand
ANC were examined for thresholds that could be used as
classification criteria. A general threshold at approximately
50 percent agricultural land use was observed across
Maryland, above which the concentration of nitrate
increased in response to agriculture (Figure 6-5). An
additional criteriafor nitrate-nitrogen ( NO,-N >100 weq/|
or 1.4 mg/l) was selected based on previous assessmentsto
exclude agricultural sites with low nitrate-nitrogen values.
These criteria were combined to screen all siteswith ANC
< 200 peg/l and to identify those most likely influenced by
agricultural sources of acidity (Figure 6-4).

These assigned categories of acid sources were used to
estimate the extent of each source affecting Maryland
streams. As stated above, an estimated 28% of the total
stream mileshad ANC < 200 weq/l. The extent of various
acid sources are summarized in Figure 6-6. Acidic
deposition washby far themost common source of acidifying
compounds, being the dominant source at about 19% of
stream miles. AMD was the dominant source at only 1.8%
of stream miles, while an additional 1% of stream miles
were likely affected by both acidic deposition and AMD.
Only 0.8% were dominated by organic sources, while
another 1.7% werelikely affected by both organic acidsand
atmospheric deposition. Agriculture accounted for the
acidification of 4.2% of all stream miles.

Asexpected, acid sourcesvaried considerably among basins
(Figures 6-6 and 6-7). In the Lower Potomac basin, for
example, acidic deposition was the only source of acidity,
and accounted for the acidification of 79% of stream miles.
Acidic deposition was the only source of acidity in the EIk,
Patuxent, and West Chesapeake basins. Ten other basins
also showed evidence of acidic deposition.

Acid mine drainage was only present in the North Branch
Potomac and Y oughiogheny basins. In the North Branch
Potomac basin, the extent of AMD effects where
significant. Resultsindicatethat 20% of stream milesinthe
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Figure 6-5. Relationship between nitrate-nitrogen (NO,-N) and the percentage of agricultural land use for the basins
sampled in the 1995-1997 MBSS
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Figure 6-6.
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North Branch Potomac basin were affected by AMD asthe
dominant source, 5% werelikely affected by both AMD and
acidic deposition, and another 38% were dominated by acid
deposition. In contrast, AMD was the dominant source for
only 2% of stream miles in the Youghiogheny basin in
1995, and 11% in 1997. The combined influence of acidic
deposition and AMD affected an estimated 8% of
Y oughiogheny stream milesin 1995 and 8% againin 1997.
Another 33% of stream milesin that basin were dominated
by acidic deposition in 1995, and 43% in 1997.

Statewide, only four sites (lessthan 1% of all stream miles)
were dominated by organic sources and less than 2% of all
stream miles showed combined organic and acidic
deposition influences. The small number of organically
dominated and influenced sites led to large standard errors
(s.e. > 100%) in estimating the number of stream milesthat
were organicaly influenced. Fourteen siteshad DOC > 10
mg/l, a level commonly used to characterize blackwater
streams (streams rich in organic material and typically
acidic due to natural sources). However, 10 of these sites
had levels of nitrate and sulfate high enough to indicate a
strong influence of acidic deposition. Organic anions
influenced or dominated the stream chemistry of 44.7% of
stream milesin the Pocomokebasin, aswell as16.2%inthe
Choptank, 15.1% in the Chester, and 8.4% in the
Nanticoke/Wicomico basin. Organic acidification also
contributed to extreme acidification (ANC < Q) in the
Choptank and Pocomoke basins, but only for a small
number of sites.

Across the State, 32 sites or 4.2% of acid affected stream
miles were classified as agriculturaly influenced.
Agricultural influences on acidity were most extensive in
Eastern Shore basins, accounting for 30% to 37% of stream
miles in the Choptank (1996 and 1997 sampling), 26% in
the Nanticoke/Wicomico, and 19% of stream milesin the
Pocomokebasin. Smaller percentageswere observedinthe
Patapsco, Bush, Gunpowder, Potomac Washington Metro,
Middle Potomac, and Upper Potomac basins. Agriculture
was rarely responsible for extreme acidification: only one
agriculturaly influenced site had an ANC < 50 neg/l, the
rest had valuesof 51-200 n.eg/l. High nitrate concentrations
were frequently accompanied by high DOC values.

The distribution of acid sources by stream order showed
some differences in sources for higher order streams. The
frequency of acid sources by stream order across Maryland
is summarized in Figure 6-8. Acidic deposition, for
example, influenced 23% of al first-order stream miles, but
only 16% of al third order stream miles. Agricultural acid
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sourceswereassociated with 6% of first-order streammiles,
but only about 1% of second- and third-order stream miles.
AMD affected about 2% of first-order and 5% of third-
order stream miles. These results should be interpreted
carefully: sources that occurred in less than 2% of stream
miles tended to have standard errors of 100% or more.

Subpopulation analyses were done to estimate the
percentage of stream mileswithin low ANC classes (ANC
< 200 peg/l) that were associated with each acid source.
The percentage of low-ANC stream miles across the State
influenced by each acid source is shown in Figure 6-9.
Among streamswith ANC < 200, acidic deposition wasthe
dominant source in approximately 66% of stream miles,
AMD was the dominant source in 6% of stream miles, and
another 4% were affected by both acidic deposition and
AMD. Agriculture accounted for the acidification of 15%
of stream miles, while organic acids influenced 3% and
another 6% were influenced by both organic acids and
acidic deposition. Among chronically acidic streams (12
siteswith ANC < 0), AMD wasthe dominant sourcein 38%
of stream milesand acidic deposition wasdominant in 42%.
Organic acidsinfluenced 9% of chronically acidic streams,
while another 11% were influenced by both organic anions
and acidic deposition. No sites with ANC < 0 were
influenced by agriculture. The higher percentage of AMD-
dominated stream miles reflects the presence of highly
acidified sites in the North Branch Potomac and
Y oughiogheny basins.

IntheNorth Branch Potomac and Y oughiogheny basins, the
subpopulation estimates for streamswith ANC < 200 were
dightly different from statewide estimates, indicating the
greater prevalence of AMD in these basins. Among North
Branch Potomac streamswith ANC < 200, acidic deposition
was the dominant source in approximately 60% of stream
miles; AMD was the dominant source in 31% of stream
miles; and 8% were affected by both acidic deposition and
AMD. Among Y oughiogheny streams sampled in 1995
with ANC < 200, acidic deposition wasthe dominant source
in approximately 76% of stream miles;, AMD was the
dominant source in 5% of stream miles; and 19% were
affected by both acidic deposition and AMD. Results for
the'Y oughiogheny for 1997 were consi stent with thosefrom
1995. These resultsindicate that acidic deposition was by
far the most common source affecting Maryland streams
(ANC < 200 weqgfl), but that AMD was the source most
often associated with extremeacidification (ANC < 0 neg/l)
within the North Branch Potomac and Y oughiogheny
basins.
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Percentage of stream miles with ANC < 200 peg/I by acid source, by stream order for the 1995-1997
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category “Organically Influenced” includes sites affected by organic sources and by both organic sources and
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6.4 COMPARISON WITH THE 1987 MARYLAND
SYNOPTIC STREAM CHEMISTRY SURVEY

MBSS results can be compared with the previous
characterization of low ANC in Maryland streams by the
1987 MSSCS (Knapp et al. 1988) (Table6-1). TheMSSCS
estimated the percentage of stream miles below certain
threshold levels of ANC across the entire State and within
each of the State's physiographic regions. MSSCS
measurements were taken in 1987, adry year that received
an average of 11% lessrainfall than normal (NOAA 1987).
The MSSCS egtimated that the greatest concentrations of
acidic or acid-sensitive streams in the State were in the
Southern Coastal Plain (74% of stream miles) and the
Appalachian Plateau (53%). There were some important
methodological differences between the 1987 MSSCS and
the 1995-1997 MBSS. For example, M SSCS sampling was
conducted statewide in a single year, while MBSS basins
were sampled over a three-year period. Also, the sample
frame for the MSSCS specifically excluded streams known
to be affected by acid mine drainage, while the MBSS did
not exclude these streams. To rectify these differences, the
MBSS data were re-stratified by physiographic province,
excluding sites that showed AMD as a contributing source
of acidity. Theresultsof thisanalysisare presentedin Table
6-2. Becausethe M SSCSwas designed to provide estimates
by physiographic province, standard errors are generally
lower for the 1987 values. Larger error bounds around
MBSS values in Table 6-2 are the result of restratification
from basins to physiographic province. In two regions
(Ridgeand Valley, BlueRidge), the number of sitessampled
by MBSS was lower than in the 1987 survey.

Among the basins sampled in the MBSS, physiographic
patternsin ANC are generally consistent with the results of
the earlier MSSCS. In the MBSS (Table 6-2), sitesin the
Appalachian Plateau and Southern Coastal Plain had ahigh
occurrence of acidic or acid-sensitive stream miles,
comparable to findings from 1987 for these regions. This
result is consistent with the low critical loads estimated for
these provinces by Janicki et a., based on watershed
hydrology, and the buffering abilitiesof vegetation, soilsand
bedrock. Similarly, sitesin the Piedmont and the Northern
Coastal Plain had alow occurrence of low ANC streamsin
both M SSCSand MBSS sampling, theseregionsarethought
to have higher critical loads values. The Blue Ridge
province showed a significant difference in ANC results
between the MSSCS and MBSS sampling, this difference
should be interpreted with caution, because the Blue Ridge
isasmall region and naturally has large statistical variation
inresults. Similarly, the Valey and Ridge province results
for MBSS were noticeably different from those of the
MSSCS, with relatively high standard errors (s.e. > 100%).

The overall pattern, however, is broad and statistically
meaningful. Acrossall provinces, the MBSS results show
alower percentage of low ANC sites than do the MSSCS
results (from 33% to 26%). This suggests a genuine
improvement in the condition of Maryland streams from
1987 to 1997.

6.5 ASSOCIATIONSBETWEEN ACIDIFICATION
AND BIOLOGICAL CONDITION

Biologica data for sites within designated pH and ANC
classes were compared to investigate the relationship
between acidic conditions (primarily acidic deposition, as
explained above) and stream communities. Acidification of
streams may cause declines in the biotic integrity of fish
assemblages, as a result of the loss of species sensitive to
acidification, increases in acid-tolerant species, or the total
elimination or reduction in abundance of biota.

Streams sensitive to acidification may experience
intermittent periods of low pH which may be harmful tofish
populations. In particular, streams may be subject to
episodic acidification during springtime, when larval and
juvenile fish are particularly vulnerable to adverse changes
in water quality. The MBSS study design did not focus on
sampling during high stream flow events that could have
produced low pH episodes. Instead, the MBSS results
corroborate a causal relationship between the potentia for
episodic acidification and loss of biotic integrity. The
MBSS aso documented a reduction in abundance and
speciesrichnessin low ANC streams.

The fish IBI (see Chapter 5) integrates a number of
attributes of the fish community, providing a quantitative
biological indicator calibrated against reference conditions.
A review of IBI scores shows a decline at low pH sites
(Figure 6-10) with 1BI scores dropping into the poor range
at apH between 5and 6. Streams sensitive to acidification
may experience episodic acidification and even intermittent
periods of low pH may be harmful to fish populations. The
MBSSresultsaremerely asnapshot of acidity and biological
condition at one point in time. The transient nature of
episodic acidity and the temporal and spatial heterogeneity
of fish populations both contribute to variability and
uncertainty in the relationship between pH and fish IBI.

Observed associations between acidity and thefish IBI were
paralleled by similar rel ationships between acidity and other
characteristics of the fish community, including species
richness and biomass. Among the basins sampled in the
1995-1997 MBSS, fish species richness (mean number of
species per stream segment) was significantly lower at sites
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Table 6-1. Percentage of acidic and acid-sensitive stream miles, as estimated by the 1987 Maryland Synoptic Stream Chemistry Survey (MSSCS). Estimates are
the percentage of stream miles below threshold ANC values, by physiographic region.
PHYSIOGRAPHIC REGION
Appalachian Valley and Northern Southern
AN Plateau Ridge Blue Ridge Piedmont Coastal Plain | Coastal Plain All
C
(neq n=139 n =47 n =50 n=125 n =99 n=99 n = 559
N
Percen Std. Percen Std. Percen Std. Percen | Std. | Percen | Std. | Percen | Std. | Percen
t Error t Error t Error t Erro t Erro t Erro t Std. Error
<0 10.7 3.6 0 0 0 0 0 0 21 15 7.6 29 3.6 0.9
<50 15.7 39 0 0 5.8 25 0.9 1.0 4.7 2.8 29.3 4.7 10.0 14
<200 | 53.3 4.6 15 1.3 26.0 5.7 8.9 3.6 28.3 5.2 74.4 5.0 334 2.2
Table 6-2. Percentage of acidic and acid-sensitive stream miles, as estimated by the 1995-1997 Maryland Biological Stream Survey (MBSS). Estimates are the
percentage of stream miles below threshold ANC values, by physiographic region.
PHYSIOGRAPHIC REGION
ANC Appalachian Northern Coastal | Southern Coastal
(uegll) Plateau Valley and Ridge Blue Ridge Piedmont Plain Plain All
n =197 n-24 n=11 n =385 n =204 n=138 n =954
Std. Std. Std. Std. Std. Std. Std.
Per cent Error Per cent Error Per cent Error Per cent Error | Percent | Error Per cent Error Per cent Error
<0 34 6.8 0 0 0 0 0 0 0.6 13 4.9 6.2 14 15
<50 6.4 12.3 8.2 14.7 0 0 0 0 24 3.3 16.9 8.1 5.0 35
<200 53.3 20.3 16.4 195 0 0 5.6 4.8 19.2 11.3 63.6 0 25.9 34

*Variance statistically undefined
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Figure 6-10. Fish IBI by summer pH class (< 5, 5-6, > 6) for the 1995-1997 MBSS

sensitive to acidification (ANC 50-200 neg/l) than where
ANC values were higher (>200 neg/l) (Figure 6-11). For
sites with ANC < 0, fish species richness was severely
diminished.

Fish biomass also varied with ANC. Statewide, total fish
biomass decreased dramatically in ANC class 50-200,
compared to ANC class > 200 (Figure 6-12). Tota fish
biomass in ANC class 0-50 was less than half than that in
ANC class 50-200. Gamefish do not persist where ANC is
<0, therefore their biomass drops to zero in that class.

Other biological communities such as macroinvertebrates
and amphibians and reptiles may offer additional clues to
help detect the impacts of acidification. Two measures of
the benthic macroinvertebrate community, the benthic IBI
and the Hilsenhoff Biotic Index (Chapter 5), were compared
among ANC classes. The benthic IBI combines several
measures of the abundance and diversity of benthic
macroinvertebrate organisms.  Since benthic communities
are sedentary, they tend to experience the integrated effects
of chronic and episodic acidification over many seasons.
Thus, the benthic IBI may be a valuable indicator of the
effects of chronic acidification in Maryland streams. It is
not surprising that the benthic IBI decreases strongly with

low pH; and passes into the “very poor” rating for pH < 5
(Figure 6-13). Because benthosarerelatively immobile, the
benthic IBI isintrinsically less uncertain than the fish IBI
and is probably a more reliable indicator of the effects of
chronic acidification.

A comparison between benthic and fish IBI scoresby ANC
class reveds similar results (Figure 6-14). Both indices
decrease with low ANC and are “very poor” for ANC < 0.
It is not clear why IBI scores are higher for ANC 50-200
than for ANC > 200. However, it isimportant to note that
this analysis only considers the effects of acidification on
biological condition; many other anthropogenic and natural
factors affect 1BI scores and may have confounding effects
onthisanaysis.

The Hilsenhoff Biotic Index, which increases with the
presence of pollution-tolerant macroinvertebrate species,
was highest at siteswith 0-50 eq/l (Hilsenhoff =5.1). The
average value of theindex was lowest for siteswith ANC <
0 (Hilsenhoff = 3.9). This may be indicate that the
Hilsenhoff Biotic Index (originally developed to detect
organic pollution) is not well suited to detecting
acidification.
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Figure 6-11. Fish and amphibian and reptile species richness by ANC class (< 0, 0-50, 50-200, >
200 peg/l) for the 1995-1997 MBSS
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Figure 6-13. Benthic IBI by spring pH class (< 5, 5-6, > 6) for the 1995-1997 MBSS
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Figure 6-14. Fish and benthic IBI by ANC class (< 0, 0-50, 50-200, > 200 peq/l) for the 1995-1997
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Table 6-3. Fish speciesfound at 1995-1997 MBSS sites with summer pH < 6.5
pH <5.0 pH5.0-55 pH 5.5- 6.0 pH 6.0- 6.5
Least brook lamprey X X X
Sealamprey X X
American edl X X X
Chain pickerel
Redfin pickerel X X X
X X X X
Eastern mudminnow
X X X X
Blacknose dace
Bluntnose minnow X X
Central stoneroller X
Common shiner X
Creek chub X
Cutlips minnow X X
Fallfish X X
Golden shiner X X X
Ironcolor shiner X X
Longnose dace X
River chub X X
Rosyface shiner X
Rosyside dace X
Satinfin shiner X X X
Spotfin shiner X
Spottail shiner X
Swallowtail shiner X
X X
Creek chubsucker
Northern hogsucker X X X
White sucker X
X X
Brown bullhead
Margined madtom X X
Tadpole madtom X X
Y ellow bullhead X X X
X X
Brook trout
Brown trout X X
X
Pirate perch X
X X
Banded killifish
Mosquitofish X
X
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Table6-3. Cont'd
pH <5.0 pH5.0-55 pH 5.5- 6.0 pH 6.0- 6.5

Mottled sculpin X X
Potomac sculpin X X
Banded sunfish X X X
Black crappie X
Bluegill X X X
Bluespotted sunfish X X X X
Hier X
Green sunfish X X
Largemouth bass X X
Mud sunfish X X
Pumpkinseed X X X
Redbreast sunfish X X
Rock bass X
Smallmouth bass X
Warmouth X X X
Fantail darter X X
Greenside darter X
Shield darter X
Swamp darter X X
Tessellated darter X X X
Yellow perch X
Total Number of Species 6 15 34 56

Another measure of biological condition available from
MBSS data is the species richness of amphibians and
reptiles.  Species richness was dightly less at ANC < 0
weg/l, but showed no significant differences for sites with
higher ANC values (Figure 6-11). The differences among
classes were not large (a difference of about one species)
and may be indicative of factors other than water quality
(e.g., the condition of the riparian corridor).

6.6 FISH TOLERANCE TO LOW PH CONDITIONS

A breakdown of fish species composition at low pH sites
wasexamined to determinewhi ch speciesweremost tol erant
of acidic conditions. The results are shown in Table 6-3.
Many of these species have been previously reported as
tolerant to low pH conditions (Graham 1993, Baker and
Christensen 1991), although not al Maryland fish species
were covered by these earlier studies. For the most part,
these fish species sampled in the 1995-1997 MBSS were
present at pH conditions within previously reported ranges
of acid tolerance.

6.7 FISH ABUNDANCE UNDER ACIDIFIED OR
ACID-SENSITIVE CONDITIONS

The estimated density of fish (mean number of fish per
stream mile) varied under acidified and acid-sensitive
conditions. Statewide estimates were calculated for the
number of individual fish per stream mile within each of
four ANC classes (< 0, 0-50, 50-200, > 200 weq/l).
Estimates reported here were not adjusted for capture
efficiency. Across al sites, the number of fish per stream
mile declined with low ANC. Only 43% of sitessampledin
summer with ANC < 0 neg/l had fish. In contrast, 91% of
the summer sites with ANC of 0-50 weq/l had fish.

To investigate differences in the abundance of individual
fish species, the density of fish within each ANC classwas
calculated (Table6-4). Fivespeciesof fishwerefoundinall
four of the ANC classes: redfin pickerel (Esox americanus),
eastern mudminnow (Umbra pygmaea), pirate perch
(Aphredoderus sayanus), banded sunfish (Enneacanthus
obesus), and bluespotted sunfish (Enneacanthus gloriosus).
The mud sunfish (Acanthar chus pomotis) wasfound at sites
in every ANC class except 0-50.
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Dramatic differences were seen in fish species composition
and abundance above and below the threshold for acid
sensitivity (ANC =200 weq/l). Seventeen speciesfound at
siteswith ANC > 200 were absent from sites with ANC <
200, whileonly one speciesfound at ANC < 200 was absent
at siteswith higher ANC. Inaddition, 44 speciesdecreased
in abundance at ANC 50-200 (as compared to ANC > 200).
The average | oss between these two ANC classes was 135
fish per stream mile. The species exhibiting the greatest
declineswere blacknose dace (Rhinichthysatratulus; 1,377
fish per stream mile), mottled sculpin (Cottus bairdi; 435),
rosyside dace (Clinostomus funduloides; 464), bluntnose
minnow (Pimephales notatus, 339) and creek chub
(Semotilisatromaculatus; 418). Interestingly, someof these
speciesarecommonly considered tolerant of humanimpacts
in regionswhere acidification is not prevalent. Twenty-one
specieswere more abundant at ANC 50-200 than at ANC >
200, but the average increase (41 fish per stream mile) was
not large enough to offset the observed declines in other
species.

Differences were also seen in fish species composition and
abundance between the ANC classes of 50-200 and 0-50.
Forty-seven species decreased in abundance at ANC 0-50
(as compared to 50-200). The average loss between these
two classeswas 85 fish. The species exhibiting the greatest
declines were least brook lamprey (Lampetra aepyptera),
eastern mudminnow, and mottled sculpin.  Because
lampreys spend up to 7 years aslarvae in streams, they may
be particularly sensitive to acidic episodes.
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Between the ANC classes of 0-50 and < 0, 32 species
decreased in abundance at ANC < 0. The density of 30 of
these species went to zero when the ANC value was < 0,
indicating their intolerance to extreme acidification. The
two remai ning speci es- pirate perch and bluespotted sunfish
- persisted at sites with high levels of acidification. Four
species of fish actually increased in abundanceinthe ANC
< 0 category. These fish were the redfin pickerel, eastern
mudminnow, banded sunfish, and mud sunfish. Thisresult
indi catesthat these speci esare acid-tol erant, consistent with
reported tolerance levels (Baker and Christensen 1991,
Jenkins and Burkland 1993) and may be outcompeted by
less tolerant species in streams with higher ANC values.

Given that an estimated 28% of stream miles in the study
area (about 2240 miles) had ANC less than 200 weq/l, the
effects of acidification on many fish populations appear to
be significant. It is important to note that this analysis
considered only acidification, not other natural or
anthropogenic effects on fish abundance. In particular,
geographic differences may be responsible for some of the
differencesobserved here. For example, brook trout tend to
favor the high-gradient streams of Western Maryland,
where ANC conditions < 200 are more common. This
geographic difference would explain the apparent increase
in brook trout abundance in streams with ANC 50-200,
compared to streams in other parts of the state that have
ANC > 200 but lack suitable habitat for brook trout.
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| Table6-4.

Mean number of individual fish per stream mile within each acid neutralizing capacity (ANC) class by species, 1995-1997 MBSS

ANC (ueg/l)
SPECIES <0 0-50 50-200 > 200
M ean Std. Error M ean Std. Error M ean Std. Error M ean Std. Error

American brook lamprey 0.00 0.00 0.00 0.00 0.07 0.08 39.80 87.58
Least brook lamprey 0.00 0.00 10.33 16.01 331.78 311.02 62.21 41.35
Sealamprey 0.00 0.00 1.02 1.66 10.09 10.16 8.59 6.95
Longnose gar 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00
American egl 0.00 0.00 159.89 264.88 196.57 186.30 181.44 112.35
Gizzard shad 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.04
Chain pickerel 0.00 0.00 13.52 21.48 33.07 33.67 2.36 1.46
Redfin pickerel 1426.31 3142.75 97.43 157.97 99.54 100.76 48.46 32.40
Eastern mudminnow 5563.91 11783.22 921.53 1448.92 1460.11 1437.77 1473.07 1211.74
Blacknose dace 0.00 0.00 674.66 1154.61 882.63 853.80 2259.67 1415.02
Bluntnose minnow 0.00 0.00 0.00 0.00 20.53 32.53 359.15 222.13
Central stoneroller 0.00 0.00 0.00 0.00 9.28 9.70 230.88 145.65
Comely shiner 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.60
Common carp 0.00 0.00 0.00 0.00 0.00 0.00 0.69 0.63
Common shiner 0.00 0.00 0.00 0.00 9.57 10.11 159.33 130.44
Creek chub 0.00 0.00 138.73 222.80 328.31 333.04 745.86 469.55
Cutlips minnow 0.00 0.00 0.00 0.00 17.94 117.34 72.19
Eastern silvery minnow 0.00 0.00 0.00 0.00 0.17 0.19 5.81 4.08
Fallfish 0.00 0.00 24.86 39.19 82.63 77.08 75.97 *

Fathead minnow 0.00 0.00 0.00 0.00 1.83 2.93 104.70 137.44
Golden shiner 0.00 0.00 102.28 177.72 81.46 83.63 65.88 43.83
Goldfish 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.11
Ironcolor shiner 0.00 0.00 0.00 0.00 1.55 1.49 0.17 0.24
Longnose dace 0.00 0.00 1.25 2.36 88.76 88.39 390.16 246.72
Pear| dace 0.00 0.00 821.26 1465.65 0.00 0.00 68.57 62.32
River chub 0.00 0.00 34.21 86.85 3.36 3.44 51.89 *

Rosyface shiner 0.00 0.00 0.00 0.00 0.00 0.00 421 2.75
Rosyside dace 0.00 0.00 69.64 107.39 127.82 119.43 591.47 383.16
Satinfin shiner 0.00 0.00 0.00 0.00 2.63 2.94 47.02 33.91
Silverjaw minnow 0.00 0.00 0.00 0.00 0.00 0.00 14.14 9.43
Spotfin shiner 0.00 0.00 0.00 0.00 0.00 0.00 11.84 8.23
Spottail shiner 0.00 0.00 0.00 0.00 16.55 16.33 117.30 428.03
Striped shiner 0.00 0.00 0.00 0.00 3.70 6.09 1.40 2.34
Swallowtail shiner 0.00 0.00 0.00 0.00 11.39 14.45 207.01 193.80
Creek chubsucker 0.00 0.00 30.49 47.65 142.03 136.79 94.77 64.96
Golden redhorse 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Northern hogsucker 0.00 0.00 0.00 0.00 341 451 44.23 27.66
Shorthead redhorse 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.06
White sucker 0.00 0.00 25.83 41.03 106.39 100.34 416.13 264.01
Brown bullhead 0.00 0.00 2.65 4,32 188.33 276.05 50.06 32.04
Channel catfish 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01
Margined madtom 0.00 0.00 10.22 16.86 59.01 85.16 53.09
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| Table6-4. Cont'd
ANC (ueg/l)
SPECIES <0 0-50 50-200 > 200
Mean Std. Error Mean Std. Error Mean Std. Error Mean Std. Error

Tadpole madtom 0.00 0.00 1.54 2.43 80.73 98.04 43.34 33.43
White catfish 0.00 0.00 0.00 0.00 0.06 0.08 0.03 0.02
Y ellow bullhead 0.00 0.00 9.29 19.84 3.74 4.59 23.61 14.98
Brook trout 0.00 0.00 73.29 153.72 128.64 129.37 26.71 19.54
Brown trout 0.00 0.00 0.00 0.00 6.88 7.55 36.79 24.65
Cutthroat trout 0.00 0.00 0.00 0.00 0.18 0.17 0.02 0.04
Rainbow trout 0.00 0.00 1.50 3.14 0.89 0.89 1.33 0.93
Pirate perch 58.22 130.62 72.46 114.46 198.27 198.78 145.90 211.77
Banded killifish 0.00 0.00 0.00 0.00 0.38 0.39 23.69 17.62
Mummichog 0.00 0.00 0.00 0.00 0.00 0.00 62.58 53.78
Mosquitofish 0.00 0.00 0.00 0.00 0.49 0.50 6.17 5.40
Checkered sculpin 0.00 0.00 310.01 553.25 0.00 0.00 88.36 166.50
Mottled sculpin 0.00 0.00 51.76 106.24 1046.59 1101.35 1481.42 1030.66
Potomac sculpin 0.00 0.00 0.00 0.00 137.66 146.59 279.25 173.26
Striped bass 0.00 0.00 0.00 0.00 0.00 0.00 0.56 0.91
White perch 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.07
Banded sunfish 396.20 878.11 17.84 31.49 4.93 5.54 2.87 2.55
Black crappie 0.00 0.00 0.00 0.00 9.93 10.12 1.33 1.00
Bluegill 0.00 0.00 17.83 28.65 160.98 155.83 170.36 106.22
Bluespotted sunfish 14.55 32.14 171.38 268.46 4381 50.72 57.68 39.15
Flier 0.00 0.00 0.00 0.00 0.95 0.95 0.00 0.00
Green sunfish 0.00 0.00 0.79 1.29 1.76 1.78 113.06 80.96
Largemouth bass 0.00 0.00 0.26 0.42 10.50 10.25 62.49 55.66
Longear sunfish 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.04
Mud sunfish 6.47 14.51 0.00 0.00 0.46 0.49 0.44 0.34
Pumpkinseed 0.00 0.00 27.37 44,91 71.01 68.37 86.66 54.67
Redbreast sunfish 0.00 0.00 4.65 9.92 48.63 45.67 93.52 58.44
Rock bass 0.00 0.00 0.25 0.56 11.62 12.78 10.13 6.79
Smallmouth bass 0.00 0.00 3.01 6.54 1.09 1.16 7.61 4.83
Warmouth 0.00 0.00 3.24 5.19 11.14 10.53 0.06 0.05
Fantail darter 0.00 0.00 0.00 0.00 38.93 37.15 168.30 106.15
Glassy darter 0.00 0.00 0.00 0.00 2.05 2.10 0.43 0.38
Greenside darter 0.00 0.00 0.00 0.00 2.13 2.36 22.71 *

Johnny darter 0.00 0.00 0.00 0.00 4757 61.61 2.03 3.33
Logperch 0.00 0.00 0.00 0.00 0.00 0.00 1.81 1.84
Rainbow darter 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02
Shield darter 0.00 0.00 0.00 0.00 1.52 2.59 16.14 20.54
Stripeback darter 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.10
Swamp darter 0.00 0.00 4.23 7.34 0.21 0.22 1.58 1.26
Tessellated darter 0.00 0.00 64.58 102.81 204.47 197.40 514.91 414.64
Y ellow perch 0.00 0.00 7.93 13.99 24.91 41.50 2.64 1.85

| Total Number of Species 6 | 38 64 81




7 PHYSICAL HABITAT

The Maryland Biological Stream Survey (MBSS or the
Survey) collects a variety of data to characterize physical
habitat and to assess rel ationships between physical habitat
and biota. Observations and measurements include a semi-
guantitative assessment of several key habitat parameters,
presence/absence of habitat features, measures of stream
size and channel geometry, presence and type of riparian
vegetation, and assessments of bank stability. With these
data, a multimetric index of physical habitat integrity was
recently developed for the Survey (Hall etal. 1999b). This
chapter synthesizes the results of physical habitat
characterization, using both individual measures and the
Physical Habitat Index, and explores associations between
physical habitat parameters and biological communities.

7.1 BACKGROUND

Stream health, as determined by the condition of biological
communities, has been shown to be directly correlated to
physical habitat quality (Rankin 1995, Richardset a. 1993,
Roth et al. 1996). Previous MBSS reports have described
geographic patterns in the physical habitat of Maryland
streams and have correlated physical habitat quality with
biological resources (Roth et al. 1997, 1998). Inthisreport,
weexpand on earlier analyses and examinetherel ationships
between physical habitat and stream biota statewide.

Although programs to improve the quality of streams and
riverstend to focus on water chemistry-based definitions of
stream quality, physical habitat degradation can have an
equal or greater effect on stream ecosystems and their
biological communities. Habitat |oss and degradation has
been identified as one of six critical factors affecting
biological diversity in streamsworldwide; habitat alteration
is cited as a leading cause of fish species extinctions,
contributing to 73% of extinctionsin North Americaduring
this century (Allan and Flecker 1993, Miller et al. 1989).
Habitat degradation can result from a variety of human
impacts occurring within the stream itself and in the
surrounding watershed. Typical instream impacts include
sedimentation, impoundment, and stream channelization.
Urban development, timber harvesting, agriculture,
livestock grazing, and thedraining or filling of wetlandsare
well-known examples of human activities affecting streams
at a broader scale.

Alone or in combination, these human activities may cause
changesin vegetative cover, sediment | oads, hydrol ogy, and

other factors influencing stream habitat quality. The
amount of vegetative cover in a watershed regulates the
flow of water, nutrients, and sedimentsto adjacent streams.
In watersheds impacted by anthropogenic stress, riparian
(streamside) forests can ameliorate inputs of nutrients,
sediments, and other pollutants to streams. They aso
providelocal benefits of shade, overhead cover, |edf litter to
feed the aguatic food web, and large woody debris, which
in turn  provides cover and forms pool and riffle
microhabitats (Karr and Schlosser 1978, Gregory et al.
1991). Removal of riparian vegetation can increase stream
temperatures, often with adverse effects on stream fish
(Barton et a. 1985). The loss of watershed or riparian
vegetation increases the potential for overland and channel
erosion, oftenincreasing the siltation of stream bottomsand
obliterating the clean gravel surfaces used by many fish
species as spawning habitat (Berkman and Rabeni 1987).
Stream bottoms that become embedded with increased
sediment loads provide less habitat for many benthic
macroinvertebrates. Stream channelization aters runoff
patterns and creates "flashy" streams with more extreme
high and low flows, increased scouring, and streambank
erosion. These atered flows accelerate downcutting and
widening of stream channels. This increased hydrologic
variability is exacerbated by urbanization, which increases
theamount of impervious surfacein awatershed and causes
higher overland flows to streams, especially during storm
events. Streams with highly altered flow regimes often
becomewide, shallow, and homogeneous, resulting in poor
habitat for many fish species (Schlosser 1991). Concrete-
lined streams are perhaps the most severe example of
habitat loss for fish, benthic macroinvertebrates, and other
aquatic animals.

The Survey collects physical habitat data for streams
throughout the State, following methods largely adapted
from other national and regiona protocols (Plafkin et al.
1989, Barbour and Stribling 1991, Ohio EPA 1987, Rankin
1989; see Chapter 2 for details). It provides estimates, on
abasinwide and statewide scale, of the extent and types of
stream habitat degradation occurring in Maryland streams.
In addition, the recently-developed Physical Habitat Index
(PHI) can be used to assess the extent of stream habitat in
various conditions. Analyses using the datafrom the 1995-
1997 MBSSwere conducted toidentify key physical habitat
parameters that may affect fish and benthic
macroinvertebrate communities. Associations between the
PHI and biological communities are also presented below.
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7.2 EVALUATION OF PHYSICAL HABITAT
DEGRADATION USING INDIVIDUAL
PARAMETERS

A key question of interest to stream managersis: To what
extent are Maryland streams affected by various types of
physical habitat degradation? For example, what percentage
of stream miles have low instream habitat quality, poor
riparian buffers, or other evidence of degradation? Current
MBSS results provide statewide estimates from data
collected between 1995 and 1997. Statewide physical
habitat assessment results (percentage of stream miles in
each classfor aseries of factors) are presented in Appendix
D (Table D-1); highlights for the following parameters are
presented below: riparian vegetation, stream ateration,
bank erosion potential, instream condition, aesthetic quality
and remoteness, and quantity of available physical habitat.

7.2.1 Riparian Vegetation

A complete characterization of stream habitat goes beyond
in-channel measuresandincludestheriparian zone adjacent
to the stream. The effectiveness of the riparian buffer in
mitigating nutrient loading and providing other benefits to
the stream (described above) varies with the type and
amount of riparian vegetation. MBSS results describe both
thetype and extent of local riparian vegetation, estimated as
the functional width of theriparian buffer along each 75-m
sample segment.  Statewide, an estimated 58% of stream
miles had forested buffers, 14% had other kinds of
vegetated buffers (wetland, old field, tall grass, or lawn),
and 28%, while perhaps having some vegetation, had an
effective buffer width of O m (this estimate was based on
sites where no buffer was present or where an outfall pipe
was observed, draining directly into the stream segment).
An estimated 40% of stream miles had at least a 50-m
riparian buffer (Figure 7-1); about 32% had buffer
vegetation less than 50 m wide. The data indicate that as
buffer width increases, buffer type switches from roughly
an even split between forest and other vegetation to nearly
entirely forested buffer.

A statewide map (Figure 7-2) shows the distribution of
riparian buffer widths observed at MBSS sites. Sites with
at least a50-m vegetated buffer were distributed throughout
the state. The largest concentrations of siteswith no buffer
or buffer widths of less than 50-m were in the agricultural
Middle Potomac basin and portions of the Batimore-
Washington corridor; other sites with less than a 50-m
buffer were scattered throughout the state.

Estimates of the extent of stream miles lacking riparian
buffer indicated that 28% of stream miles statewide had no
buffer, while another 7% had only avegetated buffer 1-5m
wide. The Patapsco basin had the largest percentage of
poorly buffered stream miles, with 54% lacking any buffer
and 11% with 1-5 m of vegetation (in 1996 sampling).

Forty-seven percent of stream milesin the Middle Potomac
basin were unbuffered, while another 8% had 1-5 m of
vegetation. In other basins, 0 to 37% of stream miles had
no riparian buffer, and 1 to 32% had only 1-5 m buffers
(Figure 7-3). The problem of insufficient riparian buffer is
clearly widespread throughout the State, presenting
numerous opportunities for stream restoration through re-
establishment of trees and other vegetation along riparian
corridors. Riparian restoration efforts should betargeted to
areas with the greatest potential for ecological benefit (e.g.,
reduced nutrient runoff, enhanced stream habitat and water

quality).

7.2.2 Stream Alteration

Channelization, beaver dams, and artificia stream
blockages can also affect the quality and availability of
stream habitat. Beaver dams can flood large areas,
dramatically changing stream character. Dams alter
upstream areas by converting lotic stream habitat to lentic
(ponded) habitat, resulting in silt deposition and increased
water temperature in summer. In addition, dams, culverts,
and other man-made structures pose a barrier to the
movement of fish.

Over the three-year study, 57 sites were noted for having
beaver ponds or being unsampleable because of beaver
activity. Both types of records were used to estimate the
percentage of stream miles with beaver ponds. Statewide,
an estimated 4% of stream miles had beaver ponds. The
areas with the greatest extent of beaver ponds were the
Lower Potomac (16% of stream miles), Choptank (12% in
1997 sampling), and Chester (11%) basins (Figure 7-4).

Artificial blockages were encountered at 18 sites over the
three-year study. Eight sites had dams, 1 to 3 meters high.
Four dams were located in the Patapsco basin, three were
located in the Gunpowder basin, and one waslocated in the
Elk. Culverts were reported at nine sites, each creating a
blockage about 1 meter high. Two were found in the
Patuxent basin, and one each was found in the Patapsco,
Pocomoke, Middle Potomac, Lower Potomac, Chester, and
Bush basins. A less than one-meter-high gaging station
weir was also reported blocking the stream at one sitein the
Patapsco basin.
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Percentage of stream miles by riparian buffer type and width for the 1995-1997 MBSS. The
category "Other Vegetation Buffer" includes old field, emergent vegetation, mowed lawn, tall grass,
and wetland vegetation. No effective buffer indicates that although some vegetation may be present,
runoff (such as from an outfall pipe) occurs directly into the stream.
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sampled in the 1995-1997 MBSS
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Figure 7-4. Percentage of stream miles with beaver ponds, statewide and for the basins sampled in the 1995-1997
MBSS



Channelization can also substantially alter the character of
the stream.  Historically, streams were commonly
channelized to drain fields and to provide flood control.
Today, streams in urban areas are often channelized to
accommodate road-building or to drain stormwater from
developed areas. When previously meandering streamsare
straightened, they lose their natural connection to the
floodplain, with significant adverse conseguences for the
stream ecosystem. For example, increased flows during
storm events can lead to greater scouring, greater bank
instability, and disruption of the natural pattern of riffle and
pool habitats. At other times, decreased baseflows can
result in stagnant ditcheswith substrates degraded by heavy
sediment deposition. MBSS results indicate that stream
channelization is widespread in Maryland. Statewide, an
estimated 17% of stream miles are channelized. The
greatest extent of channelization was observed in the
Pocomoke (81% of stream miles), Nanticoke/Wicomico
(52% ), Chester (44%), Patapsco (38% in 1996 sampling)
and Choptank (38% in 1997 sampling) basins (Figure 7-5).

7.2.3 Bank Erosion Potential

Field assessments of several factors related to bank erosion
potential were made at each site sampled in the 1995-1997
MBSS. Using a standard set of criteria to categorize
observations (Rosgen 1996), field crews collected data on
five stream bank erodibility factors, as follows:

«  Bank height to bankfull height (theratio of streambank
height to bankfull stage);

* Bank angle (the slope of the streambank);

 Bank root coverage (the amount of bank surface
protection given by roots and other woody debris,
rooting density, and ratio of riparian vegetation rooting
depth to streambank height);

e Soil dratification (bank materia stratigraphy and
presence of soil lenses); and

*  Particlesize(thecomposition of streambank materials).

Each of these five individual factors was assigned arating
based on criteria and diagrams from Rosgen (1996). The
origina classification system of low, moderate, and high
bank erosion potential was changed to afive-point scaleto
alow for intermediate ratings (low-to-moderate, moderate-
to-high). For each factor, arating of 1 was most favorable
(i.e., with the least potentia for bank erosion and greater
bank stability). A 5 was least favorable (i.e., with the

highest potential for bank erosion and the |east stable bank
conditions). A rating of 3 indicated moderate bank erosion
potential and fair bank stability conditions.

To obtain an overall erosion potentia score for each site,
the scores for bank height to bankfull height, bank angle,
and bank root coverage were summed together, giving a
possible range of 3 to 15. Statewide and basin-specific
estimates of the percentage of stream milesin each of the
following categories were cal cul ated:

» Lowest potentia for erosion: 3 < Erodibility index <6
» Low potential for erosion: 6 < Erodibility index <9
e High potential for erosion: 9 < Erodibility index < 12

e Highest potential for erosion: 12 < Erodibility index <
15

Statewide, 35% of stream miles had high potential and 7%
of stream miles had highest potential for erosion, according
tothisindex. Another 35% had low potential and 22% had
lowest potential for erosion. Basinswiththemost extensive
erosion potential included the Patuxent (total of 87% of
stream mileswith high or highest potential for erosion), Elk
(69%), Bush (64%), Pocomoke (59%), and Patapsco (58%
in 1996 sampling) (Figure 7-6). The Pocomoke basin had
the greatest percentage of stream miles in the highest
erosion potential category (35%).

7.2.4 Instream Condition

A number of parameters describing the habitat condition
within the stream channel were qualitatively assessed at
each sample site. Ratings of 0-20 were assigned to each of
five parameters. instream habitat structure, epifauna
substrate, velocity/depth diversity, pool/glide/eddy quality,
and riffle/run quality. Scores for each of these parameters
were grouped by the four scoring categories used in field
observations: poor (1-5 points), marginal (6-10), sub-
optimal (11-15), and optimal (16-20). For each parameter,
the percentage of stream miles in each basin with low-
scoring (poor to marginal) habitat is shown in Figures 7-7
to 7-11. Low scores are generaly indicative of conditions
less able to support biological communities; such scores
represent areas of degradation. An accurate determination
of whether a score represents degradation by human
activities depends on what score is expected under natural
conditions (as found in minimally impacted reference
streams). Reference conditions vary geographically; for
example, ariffle/run quality scorefor an unimpacted, stream
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Figure 7-5. Percentage of stream miles with evidence of channelization, statewide and for the basins sampled in the
1995-1997 MBSS



Bank Erodibility Index
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Figure 7-6. Percentage of stream milesin "Highest" and "High" categories of the bank erodibility index, statewide and for
the basins sampled in the 1995-1997 MBSS
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Instream Habitat Structure
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Figure 7-7. Percentage of stream miles with poor and marginal instream habitat structure, statewide and for the basins
sampled in the 1995-1997 MBSS

7-10



Epifaunal Substrate
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Figure 7-8. Percentage of stream miles with poor and marginal epifaunal substrate, statewide and for the basins
sampled in he 1995-1997 MBSS
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Velocity/Depth Diversity
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Figure 7-9. Percentage of stream miles with poor and marginal velocity/depth diversity, statewide and for the basins
sampled in the 1995-1997 MBSS
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Pool/Glide/Eddy Quality
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Figure 7-10. Percentage of stream miles with poor and marginal pool/glide/eddy quality, statewide and for the basins
sampled in the 1995-1997 MBSS

7-13



Statewide
Youghiogheny 95
Youghiogheny 97

No Br Potomac
Upper Potomac
Middle Potomac
Potomac Wash M
Lower Potomac
Patuxent

West Chesapeake
Patapsco 95
Patapsco 96
Gunpowder

Bush
Susquehanna
Elk

Chester
Choptank 96
Choptank 97
Nanticoke/Wicom

Pocomoke

Riffle/Run Quality

I Poor (0-6)
1 Marginal (6-10)

40 50 60 90 100
Percent of Stream Miles
Figure 7-11. Percentage of stream miles with poor and marginal riffle/run quality, statewide and for the basins

sampled in the 1995-1997 MBSS
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in the Coastal Plain may be lower than for an unimpacted
Appalachian stream, because Coastal Plain streamstypically
arelower gradient and lack cobble/gravel substrates. These
comparisons are further complicated by uncertainty about
what natural Coastal Plain streams were like prior to
European settlement.

The instream habitat structure parameter represents the
amount of stable habitat structurein astream, i.e., cobbles,
boulders, logs, undercut banks, rootwads, aquatic plants,
and other materials providing habitat and cover for fish.
Statewide, a modest percentage of stream miles had either
poor (12%) or marginal (28%) instream habitat structure,
while 22% were rated as optimal and 38% as suboptimal.
Among the basins, the greatest proportions of poor to
marginal instream habitat structure (Figure 7-7) were found
in the Nanticoke/Wicomico, Chester, and Patuxent basins,
where 74, 70, and 66% of stream miles, respectively, fell
within this range. In contrast, the Y oughiogheny (1997
sampling) had no poor or margina areas of instream habitat
and the Choptank (1996 sampling), Susquehanna, and Elk
basins had no poor areas and only 1, 6, and 11% of their
respective stream mileslisted asmarginal. The Bush basin
aso had no poor-rated habitat, but had 55% marginal
instream habitat structure.

Epifaunal substrate is based on the amount and variety of
hard stable substrates available to benthic
macroinvertebrates (i.e., substratesfree of fine sedimentsor
flocculent material). Statewide, nearly half of the stream
mileshad poor (31%) to marginal (17%) epifaunal substrate
(Figure 7-8). The Chester basin had the greatest proportion
of poor to marginal epifaunal substrate stream miles (88%).
TheNanticoke/Wicomico, Upper Potomac, L ower Potomac,
and Pocomoke had poor to marginal epifaunal substratein
greater than 65% of stream miles. Conversely, the
Gunpowder and Susquehanna basins had no poor epifaunal
substrate and 24% and 15% stream miles of marginal
epifaunal substrate, respectively. Low scoresfor epifauna
substrate may indicate erosion and sedimentation.

V el ocity/depth diversity assessesthevariety of velocity and
depth regimes in the stream segment (slow-shallow, slow-
deep, fast-shallow, and fast-deep) and reflects the
heterogeneity of available riffle and pool microhabitats.
Statewide, poor conditions were present in 12% of the
stream miles, while marginal conditions were more
common, occurring in48% of thestreammiles(Figure 7-9).
Four basins, the Chester (95%), West Chesapeake (94%),
Nanticoke/Wicomico (89%), and Pocomoke (89%), each
had at |east 85% of their stream mileswith poor to marginal
velocity/depth diversity. Two of these basins, West
Chesapeake (64%) and Chester (61%), had poor velocity

depth diversity in greater than 60% of their stream miles.
The Elk basin had the smallest percentage of stream miles
in poor to marginal velocity/depth diversity categories, with
no poor stream miles and only 22% marginal. Two other
basins had no poor stream miles. Both basins had
approximately half their stream miles marginal with 58%
and 49%, respectively.

Pool/glide/eddy quality represents the variety, extent, and
spatial complexity of slow- or still-water habitat available.
Pool/glide/eddy quality, shownin Figure 7-10, wasrated as
poor in 10% and margina in 31% of stream miles,
statewide. One basin, the West Chesapeake, had 83% of
stream milesrated as poor to marginal. Seven other basins
had between 58% and 65% poor to marginal
pool/glide/eddy quality. Two basins, the Elk and the
Choptank (1996 sampling) had no poor and only 11% and
25% marginal pool/glide/eddy quality, respectively.

Riffle/run quality is based on the depth, complexity, and
functional importance of riffle and run habitat within the
sampled segment. According to statewide estimates,
riffle/run quality was poor in 16% of stream miles and
marginal in 34% (Figure 7-11). The Chester basin had the
greatest proportion of poor to marginal riffle/run quality
streammiles(83%). Not surprisingly, low riffle/run quality
scores were common in the Chester and other coastal plain
basins where riffles are naturally less frequent.

Instream condition scores varied with stream size for many
of these parameters. Compared to second- and third-order
streams, first-order streams tended to receive lower scores
for instream habitat structure, epifaunal substrate,
vel ocity/depth diversity, pool/glide/eddy quality, riffle/run
quality, aswell aschannel alteration. Thismay indicatethat
first order streamsare moredegraded, possibly becausethey
are smaller and therefore more sensitive to anthropogenic
stress. However, habitat conditions vary with stream size
(Vannote et al. 1980), so differences among stream orders
are expected. To accommodate for this natural variability,
scoring for first-order streams should be adjusted for the
different expectations of small stream habitats using more
appropriate reference conditions for different stream sizes
(as done for geographic regions in the Physical Habitat
Index described in Section 7.3.1).

7.2.5 Aesthetic Quality and Remoteness
Aesthetic quality and remotenessare additional components
of stream character rated by the Survey. These are assessed

(on a 0-20 point scale) by observing the area surrounding
each sampled stream segment. Although these components
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may not directly affect stream biota, they reflect important
human values associated with streams. Aesthetic quality
characterizes the visual appeal of a site and declines with
visible signs of human impact such astrash. Statewide, an
estimated 43% of the stream miles were aesthetically
pleasing (scoring > 16 out of 20). Only 10% wererated as
poor and 17% as marginal (Figure 7-12). By basin, the
Choptank (5% in 1997 sampling), Gunpowder (11%), and
Y oughiogheny (11% in 1997 sampling) had the fewest
percentage of stream miles rated poor to marginal for
aesthetic quality. The Patapsco (56% in 1996 sampling),
West Chesapeake (54%), and Nanticoke/Wicomico (50%)
basins had the greatest percent stream miles rated poor to
marginal.

Remoteness scores were based on a combination of three
factors: the distance from the site to the nearest road,
accessibility, and evidence of human activity. Over al
basins sampled, 17% of the stream miles were difficult to
access (scoring > 16 out of 20). Twenty-eight percent were
rated as moderately easy to access and 29% as easy access
(Figure 7-13). TheElk (85%), Potomac Washington Metro
(77%), and Patapsco (78% in 1996 sampling) had the
greatest percentage of stream miles rated as easy or
moderately easy to access. The North Branch Potomac
(33%), Choptank (37%) in 1996 sampling, and Lower
Potomac (38%) had the fewest stream milesrated as easy or
moderately easy to access.

In general, aesthetic quality and remoteness ratings were
positively correlated (p < 0.0001, r’=0.28; Figure 7-14).
This correlation is not surprising, given that the more
difficult asiteisto access, the less likely it will show signs
of human disturbance.

7.2.6 Quantity of Available Physical Habitat

In addition to varying in habitat quality, streams may differ
simply inthe amount of physical habitat availableto aquatic
organisms. Larger streams naturally provide more riffles,
pools, and other desirable habitat locations for fish to use
for spawning, feeding, and shelter. Conversely, small
streams with plentiful shallow riffle habitat may support a
greater density and diversity of benthic invertebrates.
Although the sites sampled in the Survey were all wadeable
streams, they did vary in size from small streams (as
shallow as 6 cmand lessthan 1 meter across) to much larger
streams (as deep as 2 meters and more than 20 meters
across). Several field measures of stream habitat quantity
were made during the 1995-1997 MBSS to compare these
differences.
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Data on wetted width, average thalweg depth, discharge,
and the number of pieces of woody debris and rootwads
were collected in each stream segment and summarized in
statewide and basin estimates. These data represent
conditions throughout first-, second-, and third-order
streams, but may not fully characterize the popul ation of &l
streams in a single basin, particularly in basins with small
sample size.

Mean stream width ranged from 2.3 m at first-order streams
to 8.8 mat third-order streams. Mean stream width in most
basins was between 2 and 5 m, with statewide mean of 3.4
m. Exceptions were the Elk (mean 7.8 m), Bush (5.8 m)
and West Chesapeake (1.6 m) basins (Figure 7-15).

Mean thalweg depth (the depth at the deepest part of the
channel, measured at four cross-sections per sampled
segment) ranged from 16.8 cmin first-order streamsto 41.8
cminthird-order. Streamsin the western Maryland basins
(Youghiogheny, North Branch Potomac, and Upper
Potomac) were shallower on average than the statewide
mean of 21.9 cm (Figure 7-16). Streams sampledinthe Elk
basin were the deepest (41.3 cm), while West Chesapeake
streams were the shallowest (13.4 cm).

Stream discharge is another measure of stream size, as
discharge tends to increase with watershed area, stream
width, and depth. Although the Survey collected only one-
timedischarge data, these data provide auseful comparison
of conditions across a large humber of sites. Statewide,
mean discharge was 2.7 cfs (cubic feet per second). First-
order streams sampled had a mean discharge of 0.8 cfs,
second-order 4.5 cfs, and third-order 12.6 cfs. Streamsin
the Elk basin exhibited the highest mean discharge (13.3
cfs), and Chester basin the lowest (0.4 cfs) (Figure 7-17).

Rootwads and other types of woody debris provide habitat,
cover, and shade for a variety of stream biota. When
riparianforestsareremoved, thisimportant source of woody
debrisislost.  To assess the availability of this habitat
feature, the numbers of rootwads and other woody debris
within each 75-m segment were recorded by MBSS field
crews. Statewide, the mean number of wood pieces per
segment was about 4. Thegreatest amount wasfoundinthe
Chester basin (10.3); other Eastern Shore basins had mean
values of at least 5 pieces per segment (Figure 7-18). The
lowest mean number of pieces per segment were recorded
in the Youghiogheny (1.7 in 1997 sampling), Upper
Potomac (1.9), and North Branch Potomac (1.9) basins.



Statewide
Youghiogheny 95
Youghiogheny 97

No Br Potomac
Upper Potomac
Middle Potomac
Potomac Wash M
Lower Potomac
Patuxent

West Chesapeake
Patapsco 95
Patapsco 96
Gunpowder

Bush
Susquehanna

Elk

Chester
Choptank 96
Choptank 97
Nanticoke/Wicom

Pocomoke

Figure 7-12.

o

Aesthetic Quality

I Poor (0-6)
1 Marginal (6-10)

[Ligl ]l

b

30 40 50 60 70 80 90 100
Percent of Stream Miles

10 20

Percentage of stream miles with poor and marginal aesthetic quality, statewide and for the basins

sampled in the 1995-1997 MBSS

7-17
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Figure 7-18. Mean number of pieces of wood found in the stream, statewide and for the basins sampled in the 1995-
1997 MBSS. Number of pieces of wood includes both rootwads and large woody debris.
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7.3 PHYSICAL HABITAT INDEX

The physical habitat component of freshwater streams
strongly influences the composition and status of stream
fish communities (Gorman and Karr 1978). Because
physical habitat is such animportant factor, it was assessed
concurrently with fish sampling during theM BSS sampling.
As described earlier, procedures for physical habitat
assessment were derived from two sources. EPA’s Rapid
Bioassessment Protocols (RBPs) (Plafkin et al. 1989) as
modified by Barbour and Stribling (1991), and the Ohio
EPA’ sQualitative Habitat Evaluation Index (Rankin 1989).
In addition to the 13 qualitative physical habitat metrics
derived from these methods, additional qualitative and
guantitativestream characteri stics (meandering, presence of
emergent and submergent vegetation, presence of coarse
woody debris, rootwad number, etc.) wererecorded during
MBSSfield sampling. All of themeasured parameterswere
considered in the development of a reference-based
indicator of physica habitat conditions in Maryland
streams.

7.3.1 Development of the Physical Habitat Index

The Physical Habitat Index (PHI) for Maryland was
developed using MBSS data from 1994 to 1997 (including
data from the 1994 demonstration project; Hall et al.
1999h). As was the case in development of the fish and
benthic IBIs, the conceptual approach was based on
eva uating the relative importance (discriminatory power)
of individual metrics and combinations of metrics for
explaining natural differences in streams throughout
Maryland. Based on analyses conducted for both fish IBI
(Roth et al. 1998) and benthic IBI (Stribling et al. 1998)
development in Maryland, the State was divided into two
regions: the Coastal Plain and non-Coastal Plain. These
two geographic strata are consistent with aggregations of
ecoregions (Omernik 1987) or physiographic provinces
developed for Maryland (Reger 1995). Separate PHIswere
developed for each stratum.

Aswasthe casewith thefish and benthic | Bls, the approach
to developing the PHI consisted of thefollowing five steps:
(1) devel oping and organi zing the data base, (2) scaling and
evauating the distribution of various metrics, (3)
identifying reference and degraded sites, (4) assessing the
discriminatory power of physical habitat metrics and
stream characteristics, and (5) combining metrics into an
index. Step 2 addressed the fact that some metrics (e.g.,
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instream habitat structure and remoteness) use a scaleof 0
to 20, other metrics use a percentage (e.g., percent
embedded), and still others use a direct measure (e.g.,
riparian width in meters), by converting each metric to a
common scale. Each metric wasgrouped intothefollowing
categories: structural, hydrological, vegetative, and visual
appeal.

In step 3, reference and degraded sites were determined
using the same criteria applied in developing the fish and
benthic IBIs, minus the physical habitat criteria. In
addition, the relationships of selected metrics, appropriate
stream characteristics, and quantitative variables (e.g.,
discharge) to fish IBI scores or individual fish IBI metrics
(e.g., species richness and abundance) were determined.
Based on these results, criteria designating high and low
biological integrity were added for determining reference
and degraded sites.

After analyzing the discriminatory power of individual
metrics and composite indices, the Coastal Plain PHI was
defined asfollows:

PHI = INSTREAM HABITAT STRUCTURE
+ VELOCITY/DEPTH DIVERSITY
+ POOL QUALITY
- EMBEDDEDNESS/10
+ MAXIMUM DEPTH/10
+ AESTHETIC QUALITY/2
6

The non-Coastal Plain PHI was defined as follows:

PHI = INSTREAM HABITAT STRUCTURE
+ VELOCITY/DEPTH DIVERSITY
+ RIFFLE QUALITY
- EMBEDDEDNESS10
+ 3 X (NUMBER OF ROOTWADYS)
+ AESTHETIC QUALITY/3
6

Four key physical habitat variables were common between
both the Coastal Plain and the non-Coastal Plain: (1)
instream habitat structure; (2) velocity/depth diversity; (3)
embeddedness; and (4) aesthetic rating. Two additional
variables were important in the Coastal Plain -
pool/glide/eddy quality and maximum depth. Two other
variables were important in the non-Coastal Plain -
riffle/run quality and number of rootwadsin astream reach.



The index was then adjusted to a centile scale that rated
each sample segment as follows:
e Scoresof 72 to 100 are rated good

e Scoresof 42to 71.9 arerated fair

*  Scoresof 12to41.9 arerated poor

e Scoresof 0to 11.9 arerated very poor
7.3.2 Physical Habitat Index Results

Twenty percent of stream miles statewide had a PHI rating
of good. The largest percentage of stream miles were in
either fair (29%) or poor (29%) physical habitat condition
(Figures 7-19 and 7-20). An estimated 22% of streammiles
were in very poor condition.

PHI scores tended to increase with stream order. The
statewide mean PHI score in first-order streams was 34,
compared to a mean score of 57 in second-order and 67 in
third-order streams. A far greater percentage of first-order
stream mileswererated as very poor (29%) and poor (34%)
than were second- or third-order counterparts. While the
PHI rated 71% of second-order stream miles and 84% of
third-order stream miles as good to fair, only 36% of first-
order stream miles received that rating (Table 7-1). The
lower ratingsfor first-order streamslikely reflect the greater
diversity of physical habitat available in larger streams.
Many of the parameters in the PHI (e.g., instream habitat
structure, velocity/depth diversity) tend to have higher
scores in larger streams. The degree to which low scores
are an artifact of stream size difference or, aternatively,
indicate more degraded physical habitat in first-order
streams, remains a question for further investigation.
Because first-order streams make up the overwhelming
majority of stream miles in Maryland, first-order stream
results strongly influence the overall picture of stream
conditions statewide and within basins.

The geographic distribution of PHI scores at sampled sites
is shown on a statewide map (Figure 7-19).  Sites with
good PHI scores were found in all basins, although the
gregtest concentration was in the central Maryland
Piedmont. Surprisingly, Western Maryland had a large
concentration of sites rated poor or very poor by the PHI.
This may reflect the prevalence of smaller streams in
western Maryland, especially when compared to larger
Piedmont streams found in the same PHI region (non-
Coastal Plain).

Differences in PHI among basins (Figures 7-20 and 7-21,
Table 7-1) were consistent with results for individual
instream condition parameters (see section 7.2.4). TheElk

basin, with 56% of stream miles in good condition, was a
marked contrast to the Nanticoke/Wicomico, where 50% of
stream miles were in very poor condition. No sitesin the
Elk or Choptank (1996 sampling) basins had PHI scoresin
the very poor range. The basins with the greatest
percentage of stream miles in good to fair condition were
the Elk (89%), Choptank (75% in 1996 sampling),
Susguehanna (75%), Patapsco (71% in 1995 sampling),
Bush (65%), and Gunpowder (64%). Each of these basins,
except the Patapsco, had no poor or poor-to-marginal stream
miles for at |east one of the instream condition parameters
evaluated in Section 7.2.4.

The basins with the greatest extent of poor and very poor
physical habitat were the West Chesapeake (78%),
Nanticoke/Wicomico (77%), Upper Potomac (73%),

Y oughiogheny (68% in both 1995 and 1997 sampling),
Chester (68%), and North Branch Potomac (65%). In the

West Chesapeske basin, individual instream condition
parameters showed few miles with optima habitat,
especialy for epifaunal substrate, velocity/depth diversity,
pool/glidefeddy quality, and riffle/run quality. Other
physical habitat parameters—bank stability, riparian buffer
width, aesthetic quality, and remoteness—all had more than
25% of stream miles rated as optimal. This is one example
of different individual parameters providing different
assessments, indicating how different parameters factor into
the overall PHI score. It should also be noted that the West
Chesapeake streams sampled were generally smaller than
average, whereas Elk streams (which tended to receive
higher PHI scores) were larger than the statewide mean
(see Section 7.2.6).

Mean PHI scores provide another basis of comparison
among basins. The statewide mean PHI was 42. No basin
had a mean PHI in the good rang&’®}. The highest mean
PHI scores were reported in the Elk (71) and Choptank (65
in 1996 sampling). Other mean PHI estimates for basins
fell between 26 and 55, corresponding with ratings of poor
to fair.

7.4 ASSOCIATIONSBETWEEN PHYSICAL
HABITAT DEGRADATION AND BIOLOGICAL
CONDITION

The PHI scores were compared with fish IBI scores, benthic
IBI scores, and the Hilsenhoff Biotic Index for each basin
and statewide to identify whether an association exists
between physical habitat quality and biotic integrity. For
each statewide and basin comparison, regression analyses
were used to compare the PHI and biological
indicatorscores. PHI and IBI scores were also plotted
against each other to investigate relationships between these
indicators.
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Figure 7-19. Geographic distribution of Physical Habitat Index (PHI) ratings for sites sampled in the 1995-1997 MBSS. Ratingsare asfollows. 72-100 good,

42-71.9 fair, 12 -41.9 poor, and 0-11.0 very poor.
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Figure 7-20. Physical Habitat Index (PHI) ratings for the basins sampled in the 1995-1997 MBSS, as the percentage of
stream milesin each category. Ratings are asfollows: 72-100 good, 42-71.9 fair, 12 -41.9 poor, and O-
11.0 very poor.
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| Table 7-1. Estimated percentage of stream milesin each PHI category for basins sampled in the 1995-1997 MBSS

Std. Std. Std. Very Std.
Good Error Fair Error Poor Error Poor Error
|Basin
Y oughiogheny 1995 21.6 9.1 10.9 6.8 35.9 11.6 31.6 11.5
Y oughiogheny 1997 4.8 25 26.7 7.2 35.6 11.3 32.8 11.2
North Branch Potomac 7.4 2.7 27.1 6.8 36.2 9.3 29.3 9.2
Upper Potomac 8.4 2.4 18.5 6.1 28.1 7.7 449 8.8
Middle Potomac 175 2.6 24.4 5.4 25.9 6.0 32.3 6.8
Potomac Washington Metro 7.3 1.9 394 7.7 43.0 8.5 10.3 5.3
L ower Potomac 24.1 7.1 222 7.7 36.9 9.8 16.8 7.5
Patuxent 16.8 4.2 36.8 6.9 34.6 6.9 11.8 4.8
West Chesapeake 9.2 3.2 13.1 8.1 38.8 14.7 38.9 15.7
Patapsco 1995 29.0 6.6 42.0 8.7 25.0 7.8 4.0 34
Patapsco 1996 34.6 7.2 23.3 6.6 18.8 6.8 23.3 75
Gunpowder 33.2 8.5 31.3 8.5 19.5 7.7 15.9 7.4
Bush 35.0 124 29.4 14.8 10.6 10.6 25.0 14.6
Susguehanna 23.2 6.9 52.2 12.6 18.7 9.6 5.9 5.9
Elk 55.5 17.4 33.9 16.8 10.5 10.5 0.0 0.0
Chester 6.1 2.7 26.1 8.9 28.3 10.9 39.4 13.0
Choptank 1996 54.0 17.2 21.4 14.4 247 14.8 0.0 0.0
Choptank 1997 36.8 16.8 49 2.9 16.9 10.9 414 18.2
Nanti coke/Wicomico 6.5 2.9 16.8 11.5 26.4 13.8 50.3 17.7
Pocomoke 1.8 0.9 43.3 17.3 355 15.7 19.4 13.2
[ Stream Order

1 10.9 4.8 25.8 9.4 34.2 5.3 29.1 9.8

2 36.0 8.1 35.0 6.5 19.6 5.8 9.4 5.9

3 50.0 12.7 34.2 14.6 13.1 9.7 2.7 40
Statewide 19.9 3.8 285 7.4 29.1 35 22.4 7.6
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Figure 7-21. Distribution of Physical Habitat Index (PHI) ratings for the basins sampled in the 1995-1997 MBSS as the percentage of stream milesin each
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A significant positive relationship was found between the
PHI and thefish IBI for all basins (Table 7-2, Figure 7-22).
The strength of the relationship varied, but wasfound to be
significant for al basins (linear regression, p<0.02), with
between 12 and 58% of the variability in the data explained
by the relationship between PHI and fish IBI. Statewide,
the relationship was significant (p<0.001, r’=0.28). The
basins with the strongest relationships were the Bush,
Nanticoke/Wicomico, Lower Potomac, and Middle
Potomac.

There was a significant positive relationship between the
PHI and benthic IBI both statewide and in seven individual
basins (Table 7-2, Figure 7-23). Statewide, therelationship
was significant (p<0.01) and 19% of the variability in the
datawas explained by the relationship between the PHI and
benthic IBI. Theindividual basins for which a significant
relationship (p<0.05) was found were the Middle Potomac,
Lower Potomac, Patuxent, West Chesapeake, Chester,
Choptank, and Nanti coke/Wicomico (r?valuesrangingfrom
0.05t00.42).

No significant relationship was found between the PHI and
Hilsenhoff Biotic Index when all sites sampled statewide
werepooled (Table 7-2). A significant negative correlation
was found in three of the basins, the Patuxent, Chester, and
Choptank. This overall lack of correlation with the PHI
confirms that the Hilsenhoff Biotic Index is most
appropriate for assessing organic enrichment in other water
chemistry conditions rather than differences in physical
habitat conditions.

Although abioticintegrity index hasnot yet been devel oped
for amphibiansand reptiles, presence/absence dataon these
groups was compared with physical habitat conditions as
assessed by the PHI. The number of amphibian and reptile
species per site increased with PHI scores. Numbers of
both aguatic and terrestrial species increased slightly in
areas with good physical habitat, compared to areas of less
favorable physical habitat (Figure 7-24). However, these
increases were within the range of error for these estimates.
Given their affinity for particular habitat features, certain
species (e.g., streamside salamanders), may prove to be
better indicators of physical habitat quality.

7.5 RELATIONSHIPSBETWEEN INDIVIDUAL
PHYSICAL HABITAT FACTORSAND BIOTA

In addition to the associations with the PHI, numerous
relationships between biota and individual physical habitat
parameters were explored using 1995-1997 MBSS data.
Selected examples are presented below.
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Given the relationship between fish IBI and PHI scores,
further analyses were conducted to determine which
individual physical habitat parameters had the strongest
associations with the fish IBI. Individual parameters were
compared with the fish IBI in box-and-whisker and scatter
plots of statewide data. Most of the individual parameters
in the PHI showed arelationship with fish IBI scores. For
example, fish IBI scores increased with instream habitat
structure (Figure 7-25), aesthetic quality (Figure 7-26), and
maximum depth (Figure 7-27). Instream habitat structureis
adirect assessment of instream conditionsimportant to fish.
In contrast, aesthetic quality providesageneral rating of the
degree of human impact at asite.

Similar plotswereconstructed to compareindividual habitat
parameters with benthic IBIl scores. Some relationships
between habitat and benthic I Bl wereevident. For example,
the benthic IBI increased with riffle quality (Figure 7-28)
and aesthetic quality (Figure 7-29). Maximum depth and
the abundance of woody debris did not show associations
with the benthic IBl. Embeddedness, afactor that would be
expected to directly affect benthic habitat, exhibited a great
deal of variability with benthic IBI scores. In several basins
(Middle Potomac, Potomac Washington Metro, Lower
Potomac, Patuxent, Patapsco, and Gunpowder), benthic I BI
scores decreased with increased embeddedness, consistent
with declines that would occur where sedimentation has
degraded stream bottom habitat. In a few basins
(Pocomoke, Nanticoke/Wicomico, and West Chesapeake),
there was no apparent relationship between 1Bl scores and
embeddedness. High embeddedness scores were common
in these basins and appeared to represent natural conditions
in silt-bottom streams.  This condition would not
necessarily be detrimental to benthic species adapted to
Coastal Plain streams.

Fish and benthic IBI scores were also compared with a
number of physical habitat parameters not included in the
overall PHI. As expected, both indices increased slightly
with riparian buffer width (Figure 7-30). BenthicIBI scores
increased with epifauna substrate score (Figure 7-31),
suggesting this parameter is useful for assessing benthic
habitat quality. Both the fish and benthic 1BIs decreased
with low channel ateration scores, a significant finding
given the widespread evidence of channel ateration in
Maryland streams.

The presence of riparian buffer vegetation is important to
amphibian and reptile species as well. The number of
amphibian and reptile species per site increased with
riparian buffer width, a pattern followed by both aquatic
and terrestrial species (Figure 7-32). Terrestrial amphibian
and reptile specieswere slightly more numerous at forested



Table 7-2. Regression rel ationships between the Physical Habitat Index and other biological indicators, 1995-1997
MBSS. Only those basins where the relationship was significant are shown.
\ Basin \ p value r2 |
| PHI and Fish IBI |

Statewide 0.0001 0.28
Y oughiogheny 0.0001 0.20
North Branch Potomac 0.0001 0.37
Upper Potomac 0.0018 0.18
Middle Potomac 0.0001 0.43
Potomac Washington Metro 0.001 0.17
Lower Potomac 0.0001 0.43
Patuxent 0.0004 0.17
West Chesapeake 0.0039 0.32
Patapsco 0.0001 0.13
Gunpowder 0.0033 0.23
Bush 0.0004 0.58
Susquehanna 0.0021 0.28
Elk 0.0093 0.37
Chester 0.004 0.32
Choptank 0.0144 0.17
Nanti coke/Wicomico 0.0023 0.50
Pocomoke 0.007 0.29

PHI and Benthic I BI
Statewide 0.0002 0.02
Middle Potomac 0.0236 0.05
L ower Potomac 0.0001 0.30
Patuxent 0.0009 0.13
West Chesapeake 0.0012 0.30
Chester 0.0001 0.42
Choptank 0.0089 0.18
Nanti coke/Wicomico 0.0165 0.33

PHI and Hilsenhoff Biotic Index
Patuxent 0.0005 0.16
Chester 0.0009 0.31
Choptank 0.0445 0.11
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Fish IBl vs Physical Habitat Index

All Basins
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Figure 7-22. Relationship between the fish IBI and the Physical Habitat Index (PHI), statewide for
the 1995-1997 MBSS

Benthic IBl vs Physical Habitat Index

All Basins

54 ° °
o LI o
o ° ° ° o o o o o @
° ° o o
eese o o o ° o eoe o ° o o0 ® °
® o0 oo ° o o o @e® o oo W o000 ® 8 o° wnee o o
41 o e ogpe @y, °ge o o0 oo oo ® ¢ oo o my 0O o0 WP ¢°Y o
e0 00 o o o 00 © ® o0 oe®mo o ° ° - e ®e o@ ome o
— ° ° o e oo ) ) ® o o
m e ® ° L YY) e ©00 000 0o® o0 o0 ®o © e ©0occoo @O o0 ® @
- e ocoew® %° e ®e XYy '} e o0 am meT 00 ® o elet e
-2 31 ee ° ° ° oo o0 o oo 0000 ao®en © o oeme °
1-=-l o o ° o0 ° ° [T o o000 o o o oocoe ce® o o
- ° oo o ° ° e ® o o - e ° (3
8 eco@ o o 0o oo oo [ o oo o e o @ o ° oo o
° o o ° o o® oo ° )
® o oo e o o o e o oo e o o o ° emeoo
2 ®e Qoo Xy 23 ®e L4 o #8 ° L 4 ° ® o0 oo % °
® e oo W o o 0° % o o N @ o o o o® ®
o ® o e@e0 o oo oo oo eee 0o o eme o e o
o e o ° o ° ° ° oo o eoo
® ® woe © o o ° L) ° ° o o
%P, ® © 000 o ° . ° @ o o e . e o
1—Iooog . L) — . 1) S e oo KI1) o .
0 10 20 30 40 50 60 70 80 90 100

Physical Habitat Index

Figure 7-23. Relationship between the benthic 1Bl and the Physical Habitat Index (PHI), statewide
for the 1995-1997 MBSS
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Mean Number of Species per Site

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Figure 7-24.

Amphibian and Reptile Species by PHI Categories
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Mean number of amphibian and reptile speciesin three categories of the Physical
Habitat Index (PHI) for the 1995-1997 MBSS

Fish IBI vs Instream Habitat Structure

All Basins
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Figure 7-25. Relationship between the fish IBI and instream habitat structure, statewide for the

1995-1997 MBSS. In box-and-whisker plots, the box indicates the 25" percentile,
median, and 75" percentile of values. Vertical lines designate the range of values; dots
indicate outliers (values beyond 1.5 times the interquartile range).
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Fish IBI vs Aesthetic Quality
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Figure 7-26. Relationship between the fish IBI and aesthetic quality, statewide for the 1995-1997
MBSS
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Figure 7-27. Relationship between the fish IBI and maximum depth, statewide for the 1995-1997
MBSS



Benthic IBl vs Riffle Quality
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Figure 7-28. Relationship between the benthic IBI and riffle/run quality, statewide for the 1995-

1997 MBSS
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Figure 7-29. Relationship between the benthic 1Bl and aesthetic quality, statewide for the 1995-
1997 MBSS
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Fish IBI vs Local Riparian Width
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Figure 7-30. Relationship between the fish 1Bl and local riparian buffer width, statewide for the
1995-1997 MBSS
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Figure 7-31. Relationship between the benthic 1Bl and epifaunal substrate, statewide for the 1995-
1997 MBSS
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Amphibian and Reptile Species by Riparian Buffer Width
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Figure 7-32.
statewide, for the 1995-1997 MBSS

sites, while agquatic species were more common at grassy or
wetland sites, although these differences were within the
range of error of these estimates.

A stream’s remoteness may influence species with
particular ecological requirements or a need for undisturbed
habitat. Also, remote sites are less accessible to anglers,
which could affect gamefish populations. To test the
influence of remoteness, brook trout densities were
compared between remote and non-remote sites. Remote
sites were defined as sites receiving an optimal remoteness
score (at least 16 points out of 20). Statewide, brook trout
density was estimated at 54 individuals per stream mile.
Among remote sites, density was 138 brook trout per stream
mile, compared with 36 individuals per stream mile at non-
remote

Mean number of amphibian and reptile species per site for each category of riparian buffer width,

sites. In particular, brook trout density was higher at remote
sites in the Gunpowder and Youghiogheny (1995
sampling), but not in other basins. The percentage of
harvestable-sized brook trout (>6 inches total length) did
notincrease with remoteness, but the density of harvestable-
sized brook trout did increase. Statewide, 17% of brook
trout were of harvestable size. An estimated 15% of brook
trout in remote streams were of harvestable size, compared
with 19% at non-remote sites. A notable exception was in
the North Branch Potomac, the basin with the greatest
overall percentage of harvestable-sized brook trout (35%).
Within this basin, the percentage of harvestable brook trout
was an impressive 66% at remote sites, compared with 26%
in non-remote streams.
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8 NUTRIENTS

Thissection presentswater quality resultsrel ated to nutrient

and dissolved oxygen concentrations from the 1995-1997
Maryland Biological Stream Survey (MBSS, or the Survey).
Levels of nitrate-nitrogen (NO,-N) and dissolved oxygen
(DO) are examined for streams in each of the basins
sampled in the Survey. To assess the comparability of the
spatially diverse MBSS data with a less extensive but
longer-term data set, results are compared with the nutrient
data obtained from DNR’s CORE/Trend monitoring stations
located throughout the State.

8.1 BACKGROUND INFORMATION ON
NUTRIENTS

Nutrients such as nitrogen are important for life in all
aquatic systems. In the absence of human influence,
streams contain a background level of nitrogen that is
essential to the survival of the aquatic plants and animals in
that system. However, during the last several hundred
years, the amount of nitrogen in many stream systems has
increased, as a result of anthropogenic influences such as
agricultural runoff, wastewater discharge, and
urban/suburban nonpoint sources.

Elevated nitrogen concentrations are one contributor to
nutrient enrichment in aquatic systems. Excessive nitrogen
loading may lead to the eutrophication of the water body,
particularly in downstream estuaries. Eutrophication often
decreases the level of dissolved oxygen available to aquatic
organisms. Prolonged exposure to low dissolved oxygen
values can suffocate adult fish or lead to reduced
recruitment. Increased nutrient loads are also thought to be
harmful to humans by causing toxic algal blooms and
contributing to outbreaks of toxic organisms such as
Pfiesteria piscicida.

In Maryland, concern for nutrient loadings to the
Chesapeake Bay has drawn attention to theuams of
materials transported from throughout the watershed by
stream tributaries. In the Chesapeake Bay watershed, the
largest source of nitrogen is from agriculture (estimated as
39% of tdal nitrogen). Other contributors include point
sources (23%), runoff from developed areas (9%) and
forests (18%), and direct atmospheric deposition to the Bay
surface (11%). The total contribution of atmospheric
deposition is higher (27%), including amounts deposited to
the watershed and subsequently entering the Bay as runoff
(Chesapeake Bay Program 1995). Atmospheric deposition

is therefore recognized as a significant contributor of
nitrogen to the Bay, including deposition reaching the
watershed from power plants and other distant sources
(Dennis 1996).

The Survey provides a large dataset that can be used to
assess nutrient concentrations under spring baseflow
conditions. Although a full understanding of nutrient
loadings also requires data collected over time (i.e., taken
over multiple years and seasons), the Survey’'s water
chemistry results provide extensive spatial coverage (with
nearly 1,000 sites sampled) that enables nitrogen
concentrations to be compared among basins statewide.
Maryland’s CORE/Trend monitoring program provides
information regarding long-term water chemistry conditions,
as described briefly below.

The Survey measures concentrations ofNQone of the
most common forms of nitrogen found in aquatic systems.
For the analysis of MBSS data, concentrations were broken
down into the following categories: N®I > 7 mg/l (the
most highly elevated concentrations observed), > 3.0 mg/I
(moderately elevated), >1.0 mg/l (slightly elevated, consid-
ered indicative of anthropogenic influence), 0.01-1.0 mg/I,
and <0.01 mg/l. The mean instream concentration of NO
N was examined statewide and &ach individual basin.
Dissolved oxygen concentrations, which may be affected by
NO,-N concentrations, were broken down into the
following categories: DO < 3 ppm, 3-5 ppm, and > 5 ppm.

8.2 RESULTSOF NUTRIENT ASSESSMENT

Statewide, the majority of stream mile®¢) hadNO,-N
concentrations greater than 1.0 mg/l. An estiméiéd of
stream miles hablO,-N concentrations between 0.1 mg/l
and 1.0 mg/l, and onl§.4% had concentrations that were
less than 0.1 mg/l. Only three basins had any stream miles
(< 5%) with less than 0.1 mg/l dlO,-N: the Upper
Potomac, the Lower Potomac, and the West Chesapeake.
An estimated 29% of stream miles had NO,-N
concentration greater than 3.0 mg/l and an estimated 5% of
stream miles had HO,-N concentration greater than 7.0
mg/l. Areas where the concentration is greater than 7.0 mg/|
are places wheO,-N may be especially detrimental to
stream quality. These areas occurred in seven of the basins
sampled: Upper Potomac, Middle Potomac, Lower
Potomac, Patuxent, Patapsco (1995 and 1997 sampling),
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Susquehanna, Elk, Chester, Choptank (1996 and 1997
sampleyears), and Nanticoke/Wicomico basins. Figure8-1
shows the percentage of stream miles by basin where
NO,-N concentrations were greater than 1.0 mg/l and that
which is greater than 7.0 mg/l.

The mean statewide NO,-N concentration was 2.45 mg/l.
First-order streams had a dlightly higher mean NO;-N
concentration (2.56 mg/l) than either second (2.21) or third-
order (2.15) streams. Eight basins had average NO,-N
concentrations greater than the statewide average: the
Middle Potomac, Patapsco (1995 and 1996 sampling),
Gunpowder, Susguehanna, EIk, Chester, Choptank (1996
and 1997 sampling), and Nanticoke/Wicomico basins. For
the most part, these are the same basins that had siteswith
NO,-N concentrations greater than 7.0 mg/l. The
distribution of the mean NO,-N concentration by basin is
shown in Figure 8-2.

Organisms unable to tolerate polluted conditions may be
reduced or eliminated in streams with elevated nutrient
concentrations.  For example, numbers of benthic
Ephemeroptera, Plecoptera, and Trichoptera (EPT), taxa
generally sensitive to degradation, were diminished in
streams with higher NO,-N concentrations (Figure 8-3).

The Hilsenhoff Biotic Index is a useful measure of the
intolerance of benthic macroinvertebrates to organic
pollution (Hilsenhoff 1977, 1987, 1988; Klemmet al. 1990;
Plafkin et al. 1989). It isexpected that the Index would be
high (indicating greater prevalence of tolerant taxa) where
instream concentrations of NO,-N are high. Statewide, the
Hilsenhoff Biotic Index and NO,-N concentration were
significantly related (linear regression, p<0.0001, r>=0.03;
Figure 8-4), but there was agreat deal of variation when all
sample sites were pooled.

In some aquatic systems, low dissolved oxygen levels may
result from nitrogen inputs. Statewide, the mgjority of
streammiles contained di ssolved oxygen concentrationsthat
were greater than 5.0 ppm (94%), a level generaly
considered healthy for aquatic life. An estimated 3% of
stream miles had dissolved oxygen concentrations that fell
between 3.0 ppmand 5.0 ppm, while 3% had concentrations
less than 3.0 ppm. Seven basins had stream miles with a
dissolved oxygen concentration less than 3.0 ppm: the
Upper Potomac, Lower Potomac, Patuxent, West
Chesapeake, Patapsco (1996 sampling), Chester, and
Pocomoke basins (Figure 8-5). This result suggests that
high NO,-N levels are ameliorated by reaeration and other
factors. Seasonal monitoring of streams suspected to have
low DO problems and examination of watershed factors
would help to diagnose situations where the problem is
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persistent and can be linked to anthropogenic causes.

8.3 COMPARISON WITH CORE/TREND
MONITORING DATA

Maryland DNR’s CORE/Trend program, begunin 1974, is
part of the State of Maryland’'s long-term ambient
monitoring of stream water quality. Surface water samples
are collected monthly at 55 stations located throughout the
State and analyzed for a variety of physkmical
parameters. In addition, benthic macroinvertebrates are
sampled annually at 27 of these stations. Stations from the
CORE/Trend program are located in 11 of the 17 basins in
the State: the Youghiogheny, North Branch Potomac, Upper
Potomac, Middle Potomac, Potomac Washington Metro,
Patuxent, Patapsco, Gunpowder, Susquehanna, Chester, and
Choptank.

To compare CORE/Trend data with MBSS results,NO
values from the CORE/Trend stations were examined for
April and May of 1995, 1996, and 1997. For each station,
the mean for these two months was calculated by year
(Figure 8-6). These data, averaged across the three years,
were compared to the mean N results from the MBSS
(Figure 8-7).

Overall, the statewide average N® concentration from

the CORE/Trend data was 1.82 mg/l, while the average
statewide N@N concentration from the MBSS data was
2.45 mg/l. Average NON concentrations in the
Youghiogheny and the North Branch Potomac basins were
both consistently low, showing very little difference
between monitoring programs. In the Upper Potomac and
Patuxent basins, the average NO concentration was
higher at the CORE/Trend stations than at the MBSS sites.
In the remaining basins that were sampled in both
programs, the NON concentration was higher at the
MBSS sample sites than at the CORE/Trend stations. The
greatest difference was in the Choptank basin where MBSS
data sets had an average N\Oconcentration of 4.13 mg/l,
while the CORE/Trend data had an average concentration
of 1.32 mg/I. Differences in values within individual basins
are, in part, explained by differences in sample site
locations. MBSS sites do not necessarily occur in the same
parts of the basin sampled by the CORE/Trend program,
and some CORE/Trend sites may be influenced by
conditions outside of areas sampled by MBSS. For
example, CORE/Trend sites on the mainstem Potomac
River may be affected by farming activity in West Virginia
or Virginia.
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Figure 8-1. Nitrate nitrogen (NO,-N) concentration (mg/l) statewide and for basins sampled in the 1995-1997 MBSS.
Categories shown are: NO,-N > 7.0 mg/l, 7.0 mg/l > NO,-N > 3.0 mg/l and 3.0 mg/l > NO,-N > 1.0 mg/I.



Mean Nitrate Nitrogen Concentration by Basin
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Figure 8-2. Mean nitrate nitrogen (NO,-N) concentration (mg/l) statewide and for basins sampled in
the 1995-1997 MBSS. Error bars indicate +1 standard error.
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Figure 8-3. Mean number of benthic Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa

declined with higher nitrate nitrogen concentration at 1995-1997 MBSS sites
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Biotic Index for the 1995-1997 MBSS (p<0.0001, r*=0.03)



Dissolved Oxygen Concentration by Basin
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Figure 8-5. Dissolved oxygen (DO) concentration (ppm) statewide and for basins sampled in the 1995-1997 MBSS.
Categories shown are: DO < 3 ppm and 3 ppm < DO < 5 ppm.



Mean Nitrate Nitrogen Concentration
by Basin for CORE/Trend Data, by Year
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Figure 8-6. Mean nitrate nitrogen (NO,-N) concentration (mg/l) for CORE/Trend stations sampled in April
and May of 1995, 1996, and 1997
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Figure 8-7. Mean nitrate nitrogen (NO,-N) concentration (mg/l) for CORE/Trend stations sampled in April and May
of 1995-1997 and for MBSS sites sampled during the spring index period of 1995-1997.
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To examine whether data from the two programs tend to
rank basinsin asimilar order, a Spearman rank correlation
of NO,-N concentrationswasconducted. Threebasinswere
excluded from the analysis due to obvious differences in
areas covered by sampled locations. The CORE/Trend
station in the Susquehannabasin islocated in the mainstem
river and therefore is likely to be influenced by
Pennsylvania streams. Similarly, CORE/Trend stationsin
the Upper Potomac and Potomac Washington Metro basins
located on the mainstem Potomac may not reflect the same
conditionsaffecting MBSS stream siteswithin thesebasins.
Remaining basins were ranked according to NO;-N
concentrations for each program. Ranks were then tested
for correlation. This result was not significant (p=0.31),
indicating that basin NO,-N concentrations are ranked
differently by the two monitoring programs.

There are several reasons for the differences in NO,-N
results between the two programs. The first is that the
programs sampled at different locations within a basin.
Therefore, differences in surrounding land use or even in
natural water chemistry may bereflected in average NO,-N

concentrations. Differences in time of sample collections
may also contributeto thisvariation. For instance, asample
for one program may have been taken after a rainstorm,
when NO,-N from runoff was present in higher
concentration. Finally, the majority of CORE/Trend sites
are located in fourth-order and larger streams, while the
MBSS sitesarerestricted to third-order and smaller streams
that may be more strongly influenced by direct watershed
inputs. In larger streams, a similar rate of NO,-N influx
could be diluted by greater streamflow, resulting in lower
instream concentrations. In fact, MBSS results showing
slightly higher NO,-N concentrationsin first-order streams
are consi stent with this hypothesis. Furthermore, results of
other surveys indicate that probability-based surveys such
asthe MBSS generally capture more disturbed sitesthan do
fixed-site surveys. In future analysis, a more in-depth
comparison could be done using specific MBSS sites
located upstream of CORE/Trend stations, to examine
geographic patterns in nutrient concentrations between
small tributaries and corresponding downstream
CORE/Trend streams, which integrate nutrient inputs over
alarger watershed area.



9 WATERSHED LAND USE

Stream conditions are often influenced by human activities
in the surrounding watershed. Historically, much of
Maryland was covered by forest, a sharp contrast to the
variety of urban and agricultural uses presently dominating
the landscape (Figure 3-5). Current stream conditions are
in part determined by these human uses of watershed lands.
Results in this chapter describe the range of land uses in
watersheds upstream of sites sampled in the Maryland
Biological Stream Survey (MBSS, or Survey) and explore
the associations between land use and stream conditions,
using biological and physical habitat indicators.

9.1 BACKGROUND

Human activities affect streams at a variety of spatial scales.
Rivers are by nature hierarchical systems, so the character
of a local stream site is to some degree controlled by the
larger-scale river system and watershed to which it belongs.
This means that to fully understand the multiple, cumulative
impacts on stream systems, conditions at a broad landscape
scale, as well as the local or site-specific scale, must be
assessed. For example, while water chemistry results may
indicate that acidic deposition is the likely cause of
degraded fish communities at a particular site, there may be
other stresses on that stream that would continue to inhibit
fish or other stream biota even if the acidification was
ameliorated. Urban development and the clearing of
riparian vegetation upstream of the site may also be causing
hydrological changes that accelerate bank erosion and
sedimentation. In other cases, refugia within a local stream
network may mitigate severe episodic stresses. This
illustrates the need to include landscape-level information
in the ecological assessment process. Only by using an
integrated multiple-scale approach can the Survey provide
context for evaluating the relative contributions of different
anthropogenic activities.

One measure of anthropogenic influence at the landscape
scale is watershed land use. Watersheds form natural
geographic units for assessing impacts on streams, because
land use within the watershed (or catchment) upstream of a
specific stream site is representative of many of the human
activities affecting the stream at that point. As such, land
cover serves as a surrogate for a variety of stressors, some
of which may be difficult to measure directly.

Because no field sampling program will ever be able to visit
all sites or all streams through the state, the “wall-to-wall”

coverage provided by land cover data serves as a useful tool
for predicting conditions at sites that might otherwise be
overlooked. Geographic information system (GIS) data
may be used to develop predictive models linking land
cover with instream biological or physical habitat
conditions. In evaluating streams across a large area, GIS
land cover information can be employed in an initial
screening step to locate areas most likely to exhibit
desirable or degraded conditions and to then target
subsequent field sampling to these streams. Depending on
management goals, these more detailed investigations would
provide information needed to make decisions about
appropriate conservation or restoration actions.

In much of the United States, conversions of naturally
vegetated watershed lands to urban and agricultural uses
have resulted in serious impacts to streams and their aquatic
inhabitants. Examining land uses as stressors, through
analyses of relationships with ecological indicators, allows
predictions to be made about the extent and severity of
ecological impacts associated with varying levels of human
use. Some investigations have indicated that development
of even small portions of a watershed may affect stream
biota. For example, impervious surface covering 10-20% of
the watershed area can have detrimental effects on streams
(Schueler 1994). Impervious surfaces, such as roads,
parking lots, sidewalks, and rooftops, cause a rapid increase
in the rate at which water is transported from the watershed
to its stream channels. Effects include more variable stream
flows, increased erosion from runoff, habitat degradation
caused by channel instability, increased nonpoint source
pollutant loading, elevated temperatures, and losses of
biological biodiversity.

Reviews of stream research in numerous watersheds (Center
for Watershed Protection 1998, Schueler 1994) indicate that
impacts on stream quality are commonly noted at about 10%
coverage by impervious surface. Effects on sensitive
species may occur at even lower levels (see brook trout
example in Section 4). With even more impervious surface,
most notably at about 25-30% of catchment area, studies
have shown that numerous aspects of stream quality become
degraded, including biological integrity, water quality, and
physical habitat quality (Center for Watershed Protection
1998).

In this section, we examine urban land use, which

represents impervious surface and other aspects of
urbanization that affect stream quality. Note that the
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percent coverage by impervious surface for a catchment
would be lower than the corygsnding value for percent
urban land assessed by the Survey. According to the class
definitions used in developing the land cover base data
(MRLC 1996 a,b), impervious surfaces make up 30-80% of
the low-intensity and 80-100% of high-intensity developed
urban land classes. Other land cover classes contribute
smaller but possibly significant proportions of impervious
surface. Therefore, the values for percent urban land use
associated with poor stream quality were expected to be
somewhat higher than the 10-30% impervious surface
threshold reported by others.

Associations between urban or agricultural watershed land
use and stream biota have been examined in a number of
studies (e.g., Klein 1979, Steedman 1988, Richards et al.
1996, Roth et al1996). In this chapter, wepert on the
relationships observed between land use and several
indicators of stream condition for sites sampled in the 1995-
1997 MBSS. Ecological indicators included the fish Index
of Biotic Integrity (I1Bl), benthic macroinvertebrate 1Bl and
Hilsenhoff Biotic Index, number of aquatic salamander
species, and Physical Habitat Index (PHI). Because the
Survey employs a probability-based design, examining land
use associations for the sampled sites allows us to make
inferences about the effects of land use on biological
resources statewide and within individual basins.

9.2 CHARACTERIZATION OF LAND USE IN
UPSTREAM CATCHMENTS

A characterization of catchment land use was developed for
the watershed upstream of each site sampled in the 1995-
1997 MBSS using the GIS methods described in Chapter 2.
Statewide, the dominant land use in site-specific catchments
was forest (mean percent cover of 46%), followed by
agriculture (44%) and urban (9%). In individual basins
(Figure 9-1), agricultural land use was greatest at sites in the
Susquehanna basin, with a per-site mean of 66%.
Agriculture also dominated in the Middle Potomac,
Gunpowder, and Elk basins, all with a per-site average of
63%. Sites in the North Branch Potomac had a mean of just
15%, while the mean in the remaining basins ranged from
22 to 60% agricultural ted. Forest cover was most
extensive for sites in the North Branch Potomac basin
(83%) and least extensive in the Patapsco basin (1996
sampling, 21%). As expected, urban land use was greatest
in the Patapsco (1996 sampling, 31%) and Potomac
Washington Metro (23%) basins. Four of the remaining

had a mean percentage of urban land use that was less than
10%.

9.3 EXAMPLES OF LAND USE EFFECTS ON
STREAM WATER QUALITY

One way that urbanization can affect stream water quality
is through changes in water temperature. Streatemw
temperature is greater and more variable in streams draining
urban lands than in streams draining forest lands. During
summer, rain running off of hot impervious surfaces
(parking lots, rooftops, etc.) and directly into streams causes
temperature spikes during storms. Also, urban watersheds
are likely to be less shaded than more natural forested
watersheds. Where impervious surface is extensive,
reduced infiltration may result in reduced groundwatieui

to stream baseflow. All of these factors contribute to higher
average water temperatures and larger spikegribian
watersheds relative to forested watersheds.

In the Patuxent basin, during 1997, water temperature was
measured at all MBSS sites every 15 minutes by continuous
temperature loggers from June 5 to September 15. Mean
daily temperatures ranged from °17 (63°F) to 23C
(73°F), with an overall mean of 2C (68°F). The
maximum temperature reached in any stream wag 31
(88°F). Thus no sites in the basin exceeded the State Use |
Temperature Criterion of 3Z (90°F) (COMAR 1995).

Two streams in the Patuxent basin illustrate the differences
in stream water temperature based on the percentage of
urban land in the catchment. Dorsey Run and Midway Run
are second-order Coastal Plain streams with similar widths
and depths (at the sampling sites) but fairly different land
uses (Figure 9-2). Dorsey Run’'s watershed is mostly
forested (73%), with only 10% urban land. The remainder
of its watershed (17%) is agricultural. Midway Run’s
watershed, however, is nearly evenly split between forest
(32%), urban (37%), and agricultural (31%) land.

During July 1997, the water in Midway Run was warmer in
the daytime (and cooler at night) than Dorsey Run (Figure
9-3). Also, the highest daytime temperatures were reached
more quickly in Midway Run than in Dorsey Run. The
comparison between these two watersheds demonstrates
how the loss of natural land cover can negatively affect
water quality and potentially impair aquatic life, even
though no regulatory criteria are exceeded.

basins: the Patuxent, West Chesapeake, Patapsco (1995 Another way land use affects stream water quality is
sampling), and Bush basins contained a mean percentage of illustrated by the relationship between agricultural land use

urban land use between 15 and 20%. The remaining basins
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MBSS sites were divided into two groups: those with
catchments dominated by agricultural land uses (>50%
agriculture) and those with catchments predominately in
other land uses (<50% agriculture). Spring baseflow-NO
N concentrations were compared between the two groups.
Among sites with >50% agriculture, the statewide mean
NO;-N concentration was 4.0 mg/l, more than three times
the mean N@N concentration among sites with <50%
agriculture (mean NN of 1.2 mg/l). Within nearly every
individual basin, N@N concentrations were substantially
higher among sites with agriculture >50% (Figure 9-4).

9.4 ASSOCIATIONS BETWEEN LAND USE AND
ECOLOGICAL INDICATORS

9.4.1 Associations Between Land Use and the Fish IBI

For sites sampled in the 1995-1997 MBSS, fish IBI scores
were plotted against the percentage of catchment area in
various land uses (e.g., urban, agricultural, forest). Linear
regression analyses were conducted to evaluate the strength
of associations between land use and biological condition.

For all basins combined, fish IBI scores decreased with
increasing urban land use (Figure 9-5; p < 0.080.09).
Nearly all sites with greater than 50% of the catchment in
urban land use had IBI scores indicating poor to very poor
conditions (i.e., IBI < 3.0). However, among sites with a
lower percentage of urban land use, a wide range of IBI
scores was observed, representing good to very poor
conditions.  This suggests that factors other than
urbanization have a strong influence on biological condition
at these sites. Fish IBI showed a significant negative
correlation to increasing urban land use in two of the
individual basins: the Potomac Washington Metro (Figure
9-6; ’=0.24) and the Patapsco (Figure 9-750r63).
Catchments in these two basins have the largest amount of
urban land aredaverage land use of 31% and 23%,
respectively). Statewide, they also account for many of the
sites that contain more than 50% urban land. Many of the
remaining basins have very few sites with more than 25%
urban land. In fact, there are several basins that have no
sites with more than 10% urban land. These sites probably
fall below the level at which significant effects of
urbanization could be detected at this scale of analysis. In
these less urbanized basins, factors other than urbanization
appear to more strongly influence the degradation of stream
quality.

The associations between fish IBl and more specific urban
land use categories paralleled the general fish IBl and urban
land use relationship. For many sites, the majority of urban
land was characterized by low-intensity development,
including areas with a mixture of built structures and
vegetation. This is common in suburban neighborhoods
dominated by single-family housing. The intensity of low-
intensity developed areas ranged from 0 to 87% of the
watershed area for sampled sites. Overall, a smaller
percentage of watershed areas were characterized by high-
intensity development, including heavily built-up urban
centers and large developments in suburban and rural areas.
This category contains areas in which a significant land area
is covered by concrete, asphalt, or other artificial materials,
including apartment complexes, skyscrapers, shopping
centers, factories, industrial complexes, airport runways,
and interstate highways. The percentage of high-intensity
developed areas ranged from 0 to 28% of the watershed area
for sampled sites.

As with urban land use in general, fish IBI scores showed
a significant decrease with low- intensity developed areas,
both over all basins (Figure 9-8; p < 0.0G£0t09) and
within the Potomac Washington Metro™<0.25) and
Patapsco {r0.63) basins. These two basins have the
greatest number of sites with a high percentage of land
(>25%) in low-intensity development. These results suggest
that even less dense urbanization may have a significant
effect on streams in certain areas. Fish IBl was also
significantly correlated with high-intensity development
over all basins (p < 0.00%70.08), even though there were
few sites with greater than 25% of the catchment in high-
intensity development.

For all basins combined, fish IBlI scores showed a
significant positive relationship with percentage of
agricultural land, although there was a high degree of
variability (Figure 9-9; p < 0.001,%0.07). This
relationship was also seen in six of the individual basins:
the Potomac Washington Metro, West Chesapeake,
Patapsco, Gunpowder, Chester, and Nanticoke/Wicomico
(r>=0.08-0.57). The Gunpowder basin effectively
demonstrates this relationship between the percentage of
agricultural land and the fish IBI (Figure 9-10; p<0.002,
r’=0.25). Several factors might explain why fish IBI scores
increase with the percentage of agricultural land use.
Foremost may be the fact that as the amount of agricultural
land use in a given area increases, the amount of urban land
cover (a factor likely to cause more pronounced stream
degradation) will usually decrease. There are also many
complex interactions between agricultural activities and
responses in stream biota that may affect thelBs$hn
different ways. For example, while agriculture may cause
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erosion and degrade fish habitat, runoff may contribute lime
(which can neutralize acidic inputs) and nutrients (which
can enhance stream productivity). In general, because
agriculture is so pervasive throughout the state, it may be
difficult to detect its effects within the range of impact
assessed by the IBI.

To investigate differences in the effects of row crop
agriculture and less intensive agricultural land use (such as
hayfields and pastureland), the agricultural land use class
was further subdivided into these two categories. As with
agricultural land use in general, fish IBI scores increased
with an increasing percentage of land use in both categories
over all basins combined, with row crop agriculture
showing a slightly stronger relationship with the fish IBI (p
<0.001, ¥=0.10). However, it was difficult to discriminate
the effects of row crop agriculture from hay/pasture land
because the two cover types tended to be correlated.

Forest land use, although often extensive, had no significant
relationship to fish IBI scores statewide. One confounding
factor was the impact of acid deposition and acid mine
drainage on streams in forested watersheds. A number of
sites with > 50% forest cover were affected by acid
deposition and mine drainage, and many of these sites had
fish IBIs lower than would be expected (Figure 9-11).

The percentage of catchment area as wetlands showed no
significant relationship to fish IBI statewide. Wetlands
effects may be particularly hard to detect, given that
wetlands cover only a small percentage of land throughout
the state. Among all sites sampled, wetlands made up only
0-5% of catchment land cover.

Sites with high fish IBI scores represent biological
communities least affected by degradation and provide an
additional basis for analyzing land use associations with
stream condition. Sites with high fish IBI scores (i.e., those
rated as good, IBI #.0) were distributed throughout the
state, as seen in the maps in Chapter 5. Generally, these
streams were characterized by less urban development.
Sites with IBI >4 had an average of 4% urban land use,
compared with an average of 9% for all sites. This result
emphasizes the large effect that urban development may
have on stream water quality.

9.4.2 Associations Between Land Use and the Benthic
Macroinvertebrate 1Bl

For sites sampled in the 1995-1997 MBSS, benthic IBI
scores were plotted against the percentage of catchment area
in various land uses (e.g., urban, agricultural, forest).
Linear regression analyses were conducted to evaluate the
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strength of associations between land use and biological
condition.

Statewide, benthic IBI scores decreased with increasing
urban land use (Figure 9-12; p < 0.06£0r17). Nearly all
sites with greater than 30% of the catchment in urban land
use had benthic IBI scores indicating poor to very poor
conditions (i.e., IBI < 3.0). This may suggest that the
benthic IBI is more sensitive to an increase in urban land
use than the fish IBI, which, on averageached the
threshold for poor condition at about 50% of urban land
use. Benthic IBI scores were also negatively correlated with
urban land use in six individual basins: the North Branch
Potomac, Potomac Washington Metro, Lower Potomac,
Patuxent, Patapsco, and Bush?=@t10-0.44). The
relationship of the benthic IBI to urban land use is shown
for the Potomac Washington Metro basin (Figure 9-13;
r’=0.44) and for the Patuxent basin (Figure 9-340.82).

The relationship of benthic IBI to low-intensity
development parallels that of urban land use in general,
showing a significant decrease over all basins combined
(Figure 9-15; p < 0.001%%0.16). As with the fishBl,

these results show that even a small amount of development
may drastically affect the quality of a stream. Benthic IBI
was also significantly negatively correlated to high-intensity
development over all basins sampled (p < 0.080.15),
although very few sites ctained a large amount of high-
intensity development.

Statewide, benthic IBI scores were not significantly
correlated with the percentage of land that is agricultural
(Figure 9-16; p<0.24). This may indicate that the benthic
IBl is a better indicator of degradation from urban land use
than from agricultural land use. There are several reasons
that the relationship of the benthic IBI to agricultural land
use is not significant, including the confounding
interactions with biota mentioned when discussing the fish
IBI.

The relationship between benthic IBl scores and the
percentage of the catchment as forested land was positive
and significant statewide (Figure 9-17; p < 0.0840106).

Sites affected by acid deposition and acid mine drainage,
most having > 50% of the catchment as forest, resulted in
some lower-than-expected benthic IBI scores. When these
sites were excluded from analysis, the relationship was
slightly stronger (¢=0.08). Basins showing significant
relationships between forest cover and benthic IBI scores
were the Upper Potomac%£0.07) and Patapscd+0.06).
Because wetland areas made up such a small percentage of
catchment land, there was no significant relationship
between wetland land use and the benthic 1Bl (p<0.74).



9.4.3 Associations Between Land Use and the
Hilsenhoff Biotic Index

The Hilsenhoff Biotic Index is a macroinvertebrate
indicator of organic pollution tolerance (Hilsenhoff 1977,
1987,1988). High scores are associated with pollution
tolerant organisms and therefore with stream degradation.
For sites sampled in the 1995-1997 MBSS, Hilsenhoff
Biotic Index scores were plotted against the percentage of
catchment area in various land uses, especially urban and
agricultural. Linear regression analyses were conducted to
evaluate the strength of associations between land use and
biological condition.

Statewide, Hilsenhoff Biotic Index scores increased with
increasing urban land use, indicating increased degradation
with an increase in urban land (Figure 9-18; p < 0.001,
r’=0.11). This relationship was also significant in three of
the basins: the Potomac Washington Metro, Patuxent, and
Patapsco {+0.16-0.35), with the strongest relationship in
the Potomac Washington Metro basin (Figure 9-19). These
three basins are the ones with the highest percentages of
urban land.

As with urban land use in general, Hilsenhoff Biotic Index
scores showed a significant increase with low-intensity
developed areas, both over all basins (Figure 9-20; p <
0.001, #=0.11) and within the three basins mentioned
above. This result again suggests that even a small amount
of urbanization may have a significant effect on streams.
Hilsenhoff Biotic Index scores were also significantly
correlated with high-intensity development, increasing as
development increased (p < 0.0G£011).

Statewide, Hilsenhoff Biotic Index scores increased with
increasing agricultural land use (Figure 9-21; p < 0.001,
r’=0.02). This result indicates an increase in degradation
with an increased percentage of land in agricultural land
use, unlike the results seen with the fish and benthic IBls.
It is likely that the Hilsenhoff Biotic Index is better able to
detect organic pollution, a compelling reason for using it as
an ancillary indicator to the IBIs. The positive relationship
is also seen in six of the individual basins: the
Youghiogheny, North Branch Potomac, Upper Potomac,
Middle Potomac, West Chesapeake, and Gunpowder
(r>=0.04-0.24), with the North Branch Potomac having the
strongest relationship.

Hilsenhoff Biotic Index scores were significantly correlated
to the percentage of land in forest cover for all basins,
decreasing with increasing forest cover (Figure 9-22; p <
0.001, =0.11). This significant negative relationship was
also noted in eight of the individual basins: the

Youghiogheny, North Branch Potomac, Upper Potomac,
Middle Potomac, West Chesapeake, Patapsco, Gunpowder,
and Chester basins$0.04-0.22), with the strongest
relationship in the Upper Potomac basin.

9.4.4 Associations Between Land Use and Aquatic
Salamanders

In addition to the biological indices discussed above, other
components of stream communities are significantly
affected by land use. Some of these components may prove
to be effective new iridators of land use effects; most
often the utility of each indicator is dependent on the
number and range of values for that indicator. In any case,
considering a broader range of biological components can
better address impacts on biodiversity.

One promising biological indicator is the number of aquatic
salamanders found at each stream site.  Although
salamander abundance was not included in the results of the
1995-1997 MBSS, fairly reliable counts of aquatic
salamander species were obtained. For sites sampled in the
1995-1997 MBSS, the number of aquatic salamander
species were plotted against the percentage of catchment
area in each land use. Linear regression analyses were
conducted to evaluate the strength of associations between
land use and biological condition. Although the number of
aquatic salamanders per stream site never exceeded five,
aquatic salamander richness was significantly correlated
with the percentage of urban, agricultural, and forest land
uses.

Statewide, the number of aquatic salamander species
decreased with increasing urban land use, indicating a loss
of biodiversity with more urban land (Figure 9-23; p <
0.0001, ¥=0.03). This relationship was also significant for
aquatic salamander species richness in the Highlands (p <
0.017, ¥=0.02) and Piedmont (p < 0.00020.04) regions

of Maryland. A similar negative relationship was observed
between aquatic salamander species richness and increasing
agricultural land use statewide (p < 0.00380r01) and in

the Highlands (p < 0.000%70.05). A significant positive
relationship was evident in the Piedmont, likely reflecting
the reciprocal relationship between agriculture and urban
uses in that region. As expected, aquatic salamander
species richness increased with increasing forested land use
statewide (p < 0.0001250.05) and in the Highlands (p <
0.0001, ¥=0.07). The relationship in the Piedmont was not
significant.

Especially in small streams that often contain few or no fish
species, aquatic salamanders appear to be an effective
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indicator of land use influences. Unlike fish, aquatic
salamanders showed a negative association with agricultural
land use statewide. Future monitoring efforts may improve
this indicator by adding abundance measures and more
thoroughly sampling for adult and larval salamanders.

9.4.5 Associations Between Land Use and the Physical
Habitat Index

Although linkages between watershed land use and physical
habitat conditions have been demoat&d in a number of
studies, MBSS statewide results did not indicate declines in
PHI scores with increased urban or agricultural land use. It
is likely that the parameters included in the PHI do not
represent all the aspects of habitat quality that can be
affected by human alterations to watershed lands. Further
examination of individual habitat factors might reveal
stronger associations with catchment land use.

Within several individual basins, some associations between
land use and the PHI were detected. In the Potomac
Washington Metro basin, agricultural land use had a
significant negative relationship with PHI (p=0.002,
r’=0.14). Forest land cover had a significant positive
relationship with PHI in the Potomac Washington Metro
(p=0.01, #=0.09) and Bush (p=0.03=0.26) basins.

The lack of correspondence between land use and PHI is
not unexpected, given the scale of analysis. Certainly, some
processes that affect plgal habtat do operate on a
watershed level: for example, sediment transport may
increase embeddedness and flow variability leads to channel
instability and degradation of naturally-occurring riffles and
pools. However, other components of physical habitat are
affected or assessed at a more local scale. The amount of
instream woody debris at a particular site depends on the
availability of nearby tree cover. Maximum depth depends
on watershed size and local variation in geography,
although in some cases major flow fluctuations can resultin
development of shallow, overwidened channels. Aesthetic
quality is assessed at a local level, based on streamside field
observations. Thus a stream in a forested park, within an
otherwise developed watershed, may still rate high in
aesthetic quality. Clearly, numerous aspects of ipays
habitat quality are affected by land use, although not always
in ways detected by our GIS-based estimates.

9.5 IMPLICATIONS

In general, biological indicators did show a number of
significant relationships to catchment land uses. Fish and
benthic IBI scores were particularly sensitive to the degree
of watershed urbanizatn, but were less able tcetect
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effects of agriculture at the watershed scale. Benthic IBI
scores increased with the amount of forest cover. The
Hilsenhoff Biotic Index was able to detect degradation

associated with both urban and agricultural lands, and was
also related to forest cover. In many cases, examining
relationships within individual basins provided a clearer

picture of land use relationships than did statewide results.

Urbanization and agriculture have historically exerted and
will continue to exert significant pressure on stream
ecosystems in Maryland. Currently, three basins (Patapsco,
Potomac Washington Metro, and West Chesapeake) contain
the majority of sampled sites with greater than 25% urban
land in the upstream catchment. However, as human
population continues to grow, development pressure (and
with it, the percentage of urban land) will likely extend to
other parts of the state. Recent statewide efforts to improve
land use planning and requirements for stormwater
management may lessen the negative impacts of urban and
suburban development. Programs aimed at reducing point
and nonpoint nutrient loadings to the Chesapeake Bay (such
as Maryland’s Tributary Strategies, riparian reforestation,
and management of crop nutrients and animal waste) will
likely benefit streams as well.

While this analysis represents significant progress in
understanding the ecological efts of urbanization and
agriculture at the statewide and river basin scales, additional
studies will likely provide further insights. The extent of
agricultural influence does not take into account variations
in land slope, soil erodibility, or implementation of Best
Management Practices that may exacerbate or ameliorate
adverse effects at individual sites. Similarly, urban impacts
may vary, depending on the amount of impervious surface
and the nature of point sources discharging to streams.
Perhaps most importantly, the composition of riparian
(streamside) land cover is critical to understanding the
influence of land use and to target conservation measures
(such as reforestation) that can improve stream conditions.
Related studies are now underway to compare the
influences of riparian and catchment conditions, using
MBSS data for the Patapsco and other basins. Other efforts
are continuing to improve on existing predictive models by
incorporating other indicators of landscape condition (e.g.,
impervious surface), as well as other stressors (see Chapter
11).
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Figure 9-1. Major land use types within individual catchments upstream of the 1995-1997 MBSS sampling sites.
Values for each basin are the mean percentage of catchment area in each of the land use categories.
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Figure 9-2. Percentage of three land use types (forest, urban, and agriculture) for two streams in the Patuxent basin -
Dorsey Run and Midway Run
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Figure 9-4. Mean nitrate-nitrogen concentration (mg/l), statewide and for basins sampled in the 1995-19979 MBSS, amo

sites with catchment land use less than and greater than 50% agriculture
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Fish IBI vs Urban Land Use

All Basins
°
QP e® t°8 ) o
° °
° °
° ° °
°
o ° °

E og ® oo ° ° ° ° °
- ° YY) e o °
ﬁ o o LI ° °
L. ° ') e o, L °

° ° °

L) o °
° °
e o °
o o ° o o °
b ° °
° °
° ° o o o e )

20 30 40 50 60 70 80 90 100
% Urban Land Use

Figure 9-5. Relationship between the fish IBI and urban land use for the basins
sampled in the 1995-1997 MBSS
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Fish IBI vs Urban Land Use
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Figure 9-7. Relationship between the fish IBI and urban land use for the Patapsco basin
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Figure 9-8. Relationship between the fish IBI and low-intensity development for
the basins sampled in the 1995-1997 MBSS
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Fish IBI vs Agricultural Land Use
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Figure 9-9. Relationship between the fish IBI and agricultural land use for the basins
sampled in the 1995-1997 MBSS
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Figure 9-10. Relationship between the fish IBI and agricultural land use for the
Gunpowder basin
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Fish IBI vs. Forest Land Use
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Figure 9-11. Relationship between the fish IBI and forested land cover for the basins
sampled in the 1995-1997 MBSS. Blue stars indicate sites affected by
acid deposition (AD); red stars indicate acid mine drainage (AMD).
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Figure 9-12. Relationship between the benthic IBI and urban land use for the basins
9-14 sampled in the 1995-1997 MBSS



Benthic IBI vs Urban Land Use
Potomac-Washington Metro Basin
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Figure 9-13. Relationship between the benthic IBI and urban land use for the Potomac
Washington Metro basin
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Figure 9-14. Relationship between the benthic IBI and urban land use for the Patuxent
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Benthic IBI vs Urban Land Use
Low Intensity Developed Land in All Basins

B o

Homne e o

e ° .
— o® o0 ® o o o 0 .
om X TN 1)
- @ee o0 000 o o °
o0
(3]
— jamm oo @e o °
=
-t LX) (X}
- oan @ L) [
8 L ° ° ° ° ° [ L]
® 60 0 0 000 o [} ° °
o oo . °
e ® oo PPy o © °
% ° ® o0 oo ew® & ® A4 °
ooee . [} () o0 o °
() [} ° .
L) LX) e o e o °
. [ ] e o o o ° ° [ .
° °

10 20 30 40 50 60 70 80 90 100

% Urban Land Use

Figure 9-15. Relationship between the benthic IBI and low-intensity development for
the basins sampled in the 1995-1997 MBSS
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Figure 9-16. Relationship between the benthic IBI and agricultural land use for the
basins sampled in the 1995-1997 MBSS
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Figure 9-17. Relationship between the benthic IBI and forested land cover for the

Hi Isenhoff Biotic Index

basins sampled in the 1995-1997 MBSS. Blue stars indicate sites affected
by acid deposition (AD); red stars indicate acid mine drainage (AMD).
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Figure 9-18. Relationship between the Hilsenhoff Biotic Index and urban land use for

the basins sampled in the 1995-1997 MBSS
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Hilsenhoff Biotic Index vs Urban Land Use
Potomac-Washington Metro Basin
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Figure 9-19. Relationship between the Hilsenhoff Biotic Index and urban land use for
the Potomac Washington Metro basin
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Figure 9-20. Relationship between the Hilsenhoff Biotic Index and low-intensity
9-18 development for the basins sampled in the 1995-1997 MBSS
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Figure 9-21. Relationship between the Hilsenhoff Biotic Index and agricultural land use
for the basins sampled in the 1995-1997 MBSS
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Number of Aquatic Salamander Species vs. Urban Land
All Basins
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Figure 9-23. Relationship between the number of aquatic salamanders per site and urban land use for the basins
sampled in the 1995-1997 MBSS
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Benthic Taxa as Indicators of Stream Degradation

The presence or absence of certain benthic macroinvertebrate taxa can indicate the effects of watershed lan@uses.
For example, the stoneffcroneuriais pollution-sensitive and survives only among clean rocks in streams with

cool, swiftly-moving water and a good amount of dissolved oxygen. In the Middle Potomac River basin, whiclflis
mostly agricultural land, these insects were found at only 9 of the 109 sites sampled and primarily in the heavilly-
forested mountains in the western part of the basin. Streams here are likely to be less polluted by sediment,

ore

nutrients, pesticides, and herbicides that often enter streams in runoff from agricultural areas. However, the
pollution-tolerant black fly Prosimulium was found throughout the basin - in forested, agricultural, and urban
watersheds. These insects can live in degraded streams in the more developed areas of the basin. Combin
influences of land uses on the entire benthic community — changing the relative abundance of tolerant and
sensitive species — are reflected in community-based indicators such as the benthic IBI.

& Frawa! al site
) Absent fom e

- [RIEE
B Forested
] Agricultwra
B wietlands

Sronefly (Acronsurna)

In the Middle Potomac basin, sensit&eroneuriastoneflies were found in less-disturbed streams,
while tolerantProsimiliumtolerated a wide range of land use conditions.
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Amphibians and Reptiles Sensitive to Urbanization

A number of amphibians and reptile species appear to be particularly sensitive to the effects of urban
development. Of the 29 aquatic or ripa speces of amphibians and reptiles found during the survey, only
seven occurred in heavily-urbanized areas (>25% imperfious land cover in the upstream watershed). At the
opposite end of the scale, four species of salamanders (in blue) never occurred in urbanized areas (>3%)
impervious land cover).

MOUNTAIN DUSKY SALAMANDER

SEALSALAMANDER
JEFFERSON SALAMANDER
 NORTHERN SLIMY SALAMANDER
- AMERICANTOAD
BLACK RAT SNAKE
COMMON MUSK TURTLE
ENSTERN MUD SALAMANDER
FOWLER'S TOAD
LONGTAIL SALAMANDER
NORTHERN LEOPARD FROG
NORTHERN DUSKY SALAMANDER

NORTHERN RINGNECK SNAKE
NORTHERN SPRING SALAMANDER
PICKEREL FROG
RED SALAMANDER
RED SPOTTED NEWT
SOUTHERN LEOPARD FROG
'SPOTTED TURTLE
- WOOD TURTLE

NORTHERN WATER SNAKE
GREEN FROG
NORTHERN TWO-LINED SALAMANDER
EASTERN BOXTURTLE
REDBACK SALAMANDER

SS THAN 3% 3-25% GREATER TH
VIOUS SURFACE IMPERVIOUS SURFACE IMPERVIOUS
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10 INTERANNUAL VARIABILITY

Maryland Biological Stream survey (MBSS or Survey)
results are presented in this report for basins sampled
across three sampling years (1995, 1996, and 1997). We
recognize that variation in environmental conditions may
influenceresultsfromdifferent years. In particular, annual
changesinweather conditions can affect stream chemistry,
physical habitat, and biological communities. To evaluate
the degree to which year-to-year variation in weather
conditions may have affected MBSS results, we analyzed
variability in precipitation and potential effects on severa
parameters measured during the 1995-1997 MBSS.

10.1 VARIABILITY OF PRECIPITATION

Across Maryland, 1996 was an exceptionally wet year.
January and September were marked by extreme flooding
in many areas. According to regional precipitation data
(NOAA 1996), the areas sampled by the MBSS received
between 20% and 52% more rainfall than normal during
1996. The sample years of 1995 and 1997 were much
drier, with regions receiving up to 21% less rainfall than
normal (NOAA 1995 and 1997). Statewide, Maryland
received an average of 38% more rainfall than normal in
1996. In 1995 and 1997, the State received an average of
7% lessrainfall than normal (Figure 10-1). See Appendix
D (Table D-1) for summaries of regional precipitation
throughout Maryland, during 1995-1997. This difference
in annual precipitation was reflected somewhat in the
number of dry streamsobserved during the Survey. During
1996, an estimated 2.8% of stream miles were reported as
ephemeral (dry during summer), compared with slightly
higher numbers in other years: 5.3% in 1995 and 4.2% in
1997.

10.2 COMPARISON OF RESULTS FOR BASINS
SAMPLED IN MULTIPLE YEARS

As part of the MBSS's lattice sampling design (Section
2.1), one randomly-selected basin in each geographic
region (western, central, and eastern Maryland) was
sampled in each of two separate yearsto quantify between-
year variability intheresponsevariables. The*resampled”
basinsand thetwo yearsin which they were sasmpled are as
follows:

Y oughiogheny: 1995 and 1997
Patapsco: 1995 and 1996
Choptank: 1996 and 1997

Data from the same basin collected in two years provide
some means of examining annual differences in basin
conditions. A more rigorous analysis of trends over time
will require additional data from future surveys that span
more years.

Nonetheless, the data currently available alow us to
examine the degree to which year-to-year variation
influenced the interpretation of the 1995-1997 statewide
and basin-specific estimates. For example, field data for
stream discharge in the resampled basins is compared in
Figure 10-2. In the Patapsco basin, mean discharge was
much higher in 1996 (4.7 cubic feet per second) than in
1995 (2.1 cfs). In the Choptank, discharge was slightly
higher in 1996 (2.8 cfs) than 1997 (1.9 cfs), although these
values were within one standard error. In both cases,
observed differences were consistent with the greater
amount of rainfall received in 1996.

10.3 COMPARISON OF SELECTED BIOLOGICAL
AND WATER QUALITY RESULTS FOR BASINS
SAMPLED IN MULTIPLE YEARS

For each of the resampled basins, we compared the mean
valuesin the two sample years for the fish Index of Biotic
Integrity (I1BI), benthic IBI, the Physical Habitat Index
(PHI), and nitrate-nitrogen concentration to evaluate the
potential importance of interannual variation. In addition,
we compared sel ected resultsfor individual stream reaches
sampled in multiple years.

Although some interannual differences in mean values
were detected for the fish, benthic, and physical habitat
indices, virtually all were within the range of error around
each mean estimate (x1 standard error), indicating no
significant change from year to year in any basin (Figures
10-3t0 10-5). Theonly indicator that showed asignificant
interannual difference was the benthic IBI in the Patapsco
basin, where the mean score was significantly lower in
1996 than in 1995. PHI scoresin the Choptank basin were
dlightly lower in 1997 than 1996, although values were
within the range of error. Mean nitrate-nitrogen
concentrations did not vary significantly between yearsin
any of the resampled basins (Figure 10-6).

Data from individua stream reaches sampled in multiple

years provide an additional means of evaluating
interannual
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Mean Fish IBI

Figure 10-3.

Mean Benthic IBI
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Mean Physical Habitat Indicator

Figure 10-5.
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variation. As aresult of random site selection, 17 stream
reaches within the resampled basins were revisited in
multiple years: 4 in Y oughiogheny, 11 in Patapsco, and 2
in Choptank (Appendix D, Table D-2). Fish IBI, benthic
IBI, PHI, nitrate-nitrogen concentration, and discharge for
the same reach were compared between years. When more
than one site per reach was sampled in a single year, the
mean value for all sites in that year was used in this
comparison.

At al of the 14 reaches sampled during two summers,
discharge changed by at least 10% between years. Except
for one reach, discharge was higher in 1996 than 1995 or
1997. Incontrast, PHI scoreswerefairly consistent (within
+15 points on a 100 point scale) at 8 of the 14 reaches. In
1996 sampling of the Patapsco basin, where discharge was
noticeably affected by higher rainfall, PHI scoresincreased
at only onereach, decreased at one other, and remained the
same at seven reaches, in comparison with 1995 levels.
Generally, fish IBI scores were consistent between years
(within £0.5 points on a 1-5 scale) at 7 of 14 reaches.
Most of the differences in fish IBI scores were in the
Patapsco basin, with decreases noted at 6 of 9 reaches
sampled in both 1995 and 1996. However, fish IBI aso
decreased at one site in the Choptank in 1997 (the drier of
two years sampled), and increased at one site in the
Y oughiogheny in 1997, compared to 1995.

Among the 17 reaches sampled during the spring of two
years, benthic|BI scoreswererel atively unchanged (within
+0.5 points on a 1-5 scale) at 8 reaches. Again, the
greatest difference was seen in the Patapsco basin, where
5 reaches had lower benthic IBI scoresin 1996, along with
2 reaches exhibiting higher scores and 4 unchanged.
Nitrate-nitrogen concentrationswererelatively unchanged
(within £10%) at 8 of the 11 resampled reaches in the
Patapsco basin. Compared to 1995, nitrate-nitrogen
increased at all 4 of the resampled reaches in the
Y oughiogheny in 1997, but the levels were low and well
below the state average.

Although based on a very small number of observations,
this analysis suggests that benthic and fish Bl scores may
vary dlightly from year to year, but are not clearly related
to precipitation. Physical habitat ratings were fairly
consistent; again, small differences could not be attributed
to higher precipitation in 1996. Nitrate-nitrogen
concentrationsneither increased nor decreased predictably
with precipitation. Whether the observed differenceswere
a

result of natural variation or human impacts is unclear
from this limited analysis. Note that arbitrary thresholds
for detecting change were employed; further analyses are
required to morerigorously evaluatethevariability inIBls
and other results to detect actual trends. Future survey
results will provide the information needed to establish
levels at which adrop in indicator values signifies area
decrease in stream quality, rather than simply a change
owing to natural variability.

In statistical evaluations of the Ohio fish IBI (Fore et al.
1994), the effects of temporal variability and measurement
error were small, and the 1Bl was found to be effective in
detecting differences among site conditions. In Maryland,
further analysis may be useful to investigate IBI variability,
an issue that will be important as these ecological
indicators are used to guide management decisions.
Ideally, astatistical sampling design would be employed to
select asample of site replicates allowing quantification of
temporal (within index periods and across years) and
spatial variability.

While the MBSS does not yet provide extensive data to
evaluate year-to-year variability in indicator values, some
general conclusionscan bedrawn. First of all, year-to-year
variability in important parameters was generally not
stetistically significant in any of the three resampled
basins. Perhaps more importantly, interannual variationin
these parameters did not appear to correspond to
differences in amounts of annual precipitation. Thelarge
amount of rainfall in 1996 did not result in predictably
lower (or higher) values for any of the parameters
examined, except perhaps for benthic 1Bl scores in the
Patapsco basin. Other possible explanations for the
relatively small year-to-year differencesthat were observed
include (1) ageneral change over time (which could only
be addressed by long-term monitoring of basin conditions)
and (2) differences in locations of the randomly-selected
sites sampled in the two years. One option for
distinguishing temporal trends in MBSS data is to design
a future sampling component that targets a set of fixed
stations for sampling in multiple years. The evaluation
discussed above indicates that interannual variability
among sampling years in the 1995-1997 MBSS did not
significantly influence the composite three-year results.
Therefore, no adjustments were made among all basins
sampled in different years. Where appropriate, however,
results from each year are reported separately for basins
sampled twice.
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11 RELATIVE CONTRIBUTIONS OF STRESSORSAND THEIR
CUMULATIVE IMPACT

The results of the 1995-1997 Maryland Biological Stream
Survey (MBSS or Survey) can help answer important
management questions about the relative impacts of
different stressorson streams aswell asdiagnosewhich are
acting on individual sites. MBSS results may be used to
evaluate both the extent of occurrence of stressors
(estimated as the percentage of stream miles having
evidence of a particular stress) and the severity of their
impacts (based on their relationships with the fish IBI and
other biological indicators). While the previous chapters
explored the extent of individual stressors and their effects
on stream biological communities, this chapter begins to
analyze the relative contribution of each stressor and their
cumulative impact on stream degradation in Maryland.

11.1 EXTENT OF OCCURRENCE OF MAJOR
STRESSORS

Across al basins sampled in the 1995-1997 MBSS, the
extent of occurrence of seven magjor stressors was
compared: urban and agricultural land use, nutrients,
physical habitat degradation, lack of riparian vegetation,
acidic deposition, and acid mine drainage (AMD). The
associations between each stressor and Bl scores were
examined to determine the value at which each stress was
having asignificant effect. For the purpose of thisanalysis,
thefollowing thresholdswere used to definethe presence of
aparticular stressor:

*  Urbanland use: > 25% of catchment area

e Agricultural land use: > 75% of catchment area

* Nutrients: nitrate-nitrogen concentration > 7.0 mg/I

e Physical habitat degradation: combined rating of very
poor or poor for the Physical Habitat Index (see

Chapter 6)

e Lackof riparianvegetation: local riparian buffer width
of 0 meters

e Acidic deposition: ANC < 200 weq/l and water
chemistry indicative of atmospheric deposition as a
source of acidic materials (see Chapter 7)

» Acid mine drainage: ANC < 200 weg/l and water
chemistry indicative of AMD as a source of acidic
materials (see Chapter 7)

Sites affected by both AMD and acidic deposition were
included in both estimates. Some important stressors, such
asmigration barriers, flow reductions, and temperaturewere
not included in this comparison. For selected stressors, the
thresholds were chosen to approximate the level at which
impacts would occur in most situations. However, some
biota may be impacted at much lower levels (eg., data
indicatethat brook trout are affected by even lower level sof
urban development).

Figure 11-1 shows a ranking of major stressors and their
extent of occurrence across all basins sampled in the 1995-
1997 MBSS. The most extensive source of stress was
physical habitat degradation, which affected an estimated
52% of stream miles. Riparian vegetation waslacking from
28% of stream miles. Agricultural land uses were
influential at 17% of stream miles, whileurbanland usewas
a potential stress at 12% of stream miles. Nutrient
concentrations were high in 5% of stream miles statewide.
Acidic deposition affected an estimated 21% of stream
miles, while AMD affected 3% of stream miles. Whilethe
spatial extent of AMD is relatively small throughout the
state, its severity may be great. If not mitigated, extreme
acidification can prevent a stream from supporting any
aquatic life. In contrast, physical habitat degradation is
widespread, but its effects on more tolerant species are
often minimal.

Results specific to each basin show that the prevalence of
different stressors varies across the state (Figure 11-2).
Low physical habitat quality appearsto be aproblemin all
basins. Urbanization is most prevalent in the Patapsco and
Potomac Washington Metro basins. Agriculture and
nutrient concentrations are most important in the Middle
Potomac basin. The lack of riparian vegetation is most
widespread in the Patapsco and Middle Potomac basins.
AMD and acidic deposition areimportant sources of stream
degradation in the North Branch Potomac and
Youghiogheny basins, where urban and agricultural
influencesarelessimportant. Acidic depositionalsoaffects
areas of eastern and central Maryland. In most cases, the
relative priority of stressors affecting stream ecosystems
depends on the region considered.
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Figure 11-1. Comparative ranking of stressors affecting streamsin the 1995-1997 MBSS
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Individual stream sites are often affected by more than one
stressor.  Using the seven categories of stressors listed
above, the number of stressors at each of the 905 summer
sampleable sites (for which complete physical habitat data
were available) were talied. Overall, 72% of the sites
sampled in the 1995-1997 MBSS were impacted by at least
one of these seven stressors. Thirty-eight percent were
affected by one stressor and 34% by two or more stressors
(27% by two stressors, 6% by three stressors, and 1% by
four stressors). The relatively frequent occurrence of
multiple stressors naturally led to an investigation of the
cumulative effect of these stressors upon the biological
integrit